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SEWAGE AND INDUSTRIAL WASTES 


CHICAGO 
“PAKAGE” 
PLANTS~ 


16 YEARS OF PROVED 
PERFORMANCE 


Chicago “Pakage” Plants were a major departure from 
conventional design when they were first introduced in 1934. 
They were built specifically to meet the needs of small com- 
e FOR SMALL COMMUNITIES munities, industrial plants and institutions. They can be oper- 

Spring Hill, La. ated by men without previous sewage experience. Since 1934, 
200 Chicago “Pakage™ Plants have been installed. All have 
excellent records for performance. None have failed. 


Today, as then, “Pakage” Plants require a minimum of 
operating supervision, produce a sparkling clear effluent, 
are free from flies, foul odors, and unsightly appearance. They 
can be located near dwellings. 


Initial cost is low. Operating costs are nominal. 


gy Aeration and clarification are performed in a single tank 


with positive, automatic sludge control. One sludge setting 
covers a wide range of sewage flows and strengths. 


Ingenious automatic features of Chicago “Pakage” Plants 
simplify operation and assure successful performance. Former ; 
farmers. salesmen, coal-miners and truck-drivers—without 
previous experience—are operating existing plants. Operator ; 
training service by Chicago Operating Sanitary Engineers is : 
provided with each plant. ' 


¢ FOR INSTITUTIONS Specify Chicago “Pakage” Plants, proved by 16 years of 
Soldiers’ & Sailors’ Orphans’ Home 


Knightstown, Ind. successful performance. ; 


Write for complete literature. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 


2300 WOLFRAM STREET CHICAGO 18, ILLINOIS 
Flush Kleen, Scru-Peller, Plunger. Bexep Swing Diffusers. Stationary Diffusers, 
M Aera’ 


Horizontal and Vertical Non-Clogs 
Water Sea) Pumping Units. Samplers. 


tors, 
AeratorClariliers, Comminutors. 
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SEWAGE AND INDUSTRIAL WASTES 


VISIBLE 


FLOW 


Ae Builders Visible Flow Chlorinizers 


are designed to simplify plant operation — not 


to complicate it. Any competent mechanic with a knowledge of the proper 
methods of handling chlorine can easily master the operation and mainte- 
nance of Builders Chlorinizers. Specially trained personnel are not required 
to operate or service these chlorine gas feeders. The utmost safety and 
dependability are assured when Builders Chlorinizers handle your chlorina- 
tion jobs. For Bulletins and complete information, address Builders-Providence, 
Inc. (Division of Builders Iron Foundry), 368 Harris Ave., Providence 1, R. |. 


BUILDERS PRODUCTS 
The Venturi Meter * Propeloflo and 
Orifice Meters * Kennison Nozzles * 
Venturi Filter Controllers and Gauges 
* Conveyoflo Meters * Type M and 
Flo-Watch Instruments * Wheeler Fil- 
ter Bottoms * Master Controllers ¢ 
Chlorinizers — Chlorine Gas Feeders 
* Filter Operating Tables * Pneumatic 
Meters * Chronoflo Telometers * 


Installation in Sewage Plant, 
ina, Pa. 


BUILDERS-PROVIDENCE 
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SEWAGE AND INDUSTRIAL WASTES 


HOW TO MEASURE 
TRADE WASTES 
ACCURATELY 


In accordance with anti-pollution laws recently enacted 
by numerous states, most industries now face the task 
of purifying their plant wastes before discharging them 
into adjacent streams and rivers. 


This purification process usually requires special plant 
construction, and invariably the necessity exists of ob- 
taining flow data, whether this be the simple indication 
of flow rate or a more permanent method of recording 
and totalizing the flow through the plant. With purifica- 
tion processes of this kind, measuring equipment usually 
is located at the point of discharge of partially filled pipe 
or in open channels, where low heads or pressures exist 
and where measurement is either difficult or impossible 
when using standard forms of measuring instruments. 


The Simplex type S Parabolic flume, either alone or in 
conjunction with a Simplex type HF water float operated 
meter, is the ready answer to this measuring problem. 
Compact in design, with no pockets or grooves to catch 
sediment or solids, and capable of operating under low 
flow conditions, the unit measures over long ranges, 
from maximum to 5% of maximum capacity. 

Available in standard pipe sizes of 6 inches to 36 inches 
diameter inclusive, the flume can be attached to even 
larger sizes by means of eccentric reducers. 


Write for Bulletin 210, to the 
Simplex Valve & Meter Company, Dept. 4, 
6719 Upland Street, Philadelphia 42, Pa. 
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MEMBER ASSOCIATION MEETINGS 


Association 


California Sewage Works Association 


Pacifie Northwest Sewage Works Association 


Maryland-Delaware Water and Sewerage 


Association 


Michigan Sewage and Industrial Wastes 
Association 

New York Sewage and Industrial Wastes 
Association and New England Sewage 
Works Association 


Alabama Water and Sewage Association 


Institute of Sewage Purification 


Ohio Sewage and Industrial Wastes 
Treatment Conference 


Canadian Institute on Sewage Purification 


Pennsylvania Sewage and Industrial 
Wastes Association 


Iowa Sewage Works Association 


Kentucky—Tennessee Industrial Wastes and 
Sewage Works Association 


South Dakota Water and Sewage Works 
Conference 


Rocky Mountain Sewage Works Association 


North Dakota Water and Sewage Works 
Conference 


Missouri Water and Sewerage Conference 


West 
Wastes Association 


Virginia Sewage and Industrial 


Place 


Hotel Californian, 
Fresno, Calif. 


Hotel Vancouver, 
Vancouver, B. C. 


Commander Hotel, 
Ocean City, Ml. 


Hotel Pantlind, 
Grand Rapids, Mich. 


Springfield, Mass. 


University of Ala., 
Tuscaloosa, Ala. 
Buxton, 

England 

Neil House, 
Columbus, Ohio 
Royal York Hotel 
Toronto, Ont. 


State College, Pa. 


Hotel Tall Corn, 
Marshalltown, Towa 
Kentucky Hotel, 
Louisville, Ky. 


Charles Gurney Hotel, 


Yankton, S. Dak. 


Cosmopolitan Hotel, 
Denver, Colo. 
Gardner Hotel, 
Fargo, N. Dak. 


Robidoux Hotel, 
St. Joseph, Mo. 
Daniel Boone Hotel, 
Charleston, W. Va. 


Apr. 


May 15- 


16, 1951 


May 17-18, 1951 


June 4-6, 1951 


June 


June 


June 


June 20 


Aug. 20-2 


Aug. 


Sept. 


Sept. 


Sept. 19 


Sept. 26, 


Sept. 26 


Sept. 30 
Oct. 2 


Oct. 35-4, 


7-8, 1951 


1951 


22, 1951 


-21, 1951 


2, 1951 


2-24, 1951 


13, 1951 


7-19, 1951 


-21, 1951 


1951 


28, 1951 


, 1951 
1951 


Federation of Sewage and Industrial Wastes Associations 
Municipal Auditorium, St. Paul, Minn. 
October 8-11, 1951 


Florida Sewage and Industrial Wastes 
Association 


New England Sewage Works Association 


North Carolina Sewage and Industrial 
Wastes Association 


The Princess Issena 
Hotel, 

Daytona Beach, Fla. 
Sheraton-Biltmore 
Hotel, 

Providence, R. I. 
Robert E. Lee Hotel, 


Winston-Salem, N. C. 


Oct. 28-: 


31, 1951 


Nov. 6-7, 1951 


Nov. 12-14, 1951 
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SEWAGE AND INDUSTRIAL WASTES 


a YEOMANS Plant 
FOR EVERY WASTE TREATMENT 


DIGESTER 


Sees 
Super 
PRIMARY TANK 


HIS LOW RATE, HIGH CAPACITY TRICKLING FILTER PLANT IS ESTABLISHING AMAZING RECORDS 
FOR HIGH PURIFICATION AT EXCEPTIONALLY LOW COST 


These figures show a typical result produced by Overall plant efficiency is always higher when 
a Yeomans installation of the ‘‘Aero-Filter” and these units are used The d is espe- 
“Spiraflo” Clarifier in combination. 


cially effective for treating strong industrial wastes. 

OPERATIONAL DATA... SPIRAFLO-—-AERO-FILTER PLANT * 

Raw Sewage Effluent Final Effluent Overall Plant 


__ Reduction 


Sewage PF 
PPM | PPM | PPM 


0.2008 |, 


0.2467 
0.2487 
0.1753 
0.2666 


89.0 } 


924 


24 | 
| 0.2279 8 | 675 | 35. 9 | 57] : 7 || 92.0 | 90.7 
Average | 0.2456 || 207 | 247 i 85 | 705 | 132 | | 7 91.5 | 92.0 


Name of plant furnished on request, as well as operating data ze other installations. 


“Spirsflo” Advantages Aero-Filter” Advantages 
@ Increased B.O.D. and settleable solids removal @ Thorough uniform costly 
—infiuent is introduced tangentially into annular recirculation for d 
race around the periphery. Sewage spirals 
downward slowly and enters main clarification @ Operating cost is lowest ot any type of ‘dtengieee 
compartment at the bottom of the tank. Uni- sewage treatment 
form, slow diffusion of waste under the skirt @ Uninterrupted and almost complete momentary 
results in greatly reduced velocities and pro- bed coverage minimizes troubles from odors 
vides maximum removal of settleable solids. freezing, ponding, filter flies : 
@ Greater removal of finely divided particles—due no 
to upward flow through sludge blanket. This tothe Gites 
tive removal of finely divided particles before FOR INDUSTRIAL WASTES, TOO . 
waste enters the effluent weirs. types of industrial wastes can’ be successfully 
@ Straight-wall design minimizes construction treated by direct application to the Aero-Filter 
costs. without preliminary sedimentation. 


YEOMANS BROTHERS COMPANY 
1411 North Dayton Street, Chicago 22, Ill. 
Please send these bulletins: 
“Aero-Filter”— No. 6570 
“Spirafio” Clarifier— No. 6790 
Name 
Business 
COMPLETE LINE OF SEWAGE AND WASTE TREA pens Address 


Bulletins containing full details and helpful engineering | 
data will be sent promptly upon request | 
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1949 | 
Date | Per 
er 
6-15 | 86.6 | 93.0 
2 6-16 425 | 260 85 | 80.0 | 127 | 51.2 || 23 | 73.0 | 19 | 85.1 || 946 | 92.6 itis 
6-17 |} 410 | 235 || 124 | 69.7 | 141 | 40.0 || 28 | 77.4 | 18 | 87.3 || 93.3 | 92.4 ie YS 
6-18 | 308 | 222 |) 76 | 754 | 108 | 51.4 34 | 55.3 | 16 | 85.2 |} | er 20 
6-19 222 | |} | 71.2] 132 | 305 || 17 | 73.5 
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SECTION, CAL 


Storm Drains for Modern Expressways 


are Built of COWCRETE PIPE 


HE CALUMET Expressway, a new 

highway entering Chicago from the 
south, will be drained by modern, 
economical concrete pipe. The drawing 
above shows a ;ypical section. 


In the drainage system water is 
collected at the pavement edges and 
channeled to catch basins located off 
both shoulders and under the median 
strip. From them the water is delivered 
to a single large-diameter concrete pipe 


near the center line. 


more than a century. That experience 
has demonstrated that concrete pipe 
has long life and costs little or nothing 
to maintain. These factors, com- 
bined with its moderate first cost, 
add up to low-annual-cost drainage. 

Concrete pipe has the strength to 
sustain heavy overburdens. Its smooth 
interior finish resists abrasion and pro- 
vides maximum hydraulic capacity. 
When planning a storm drainage sys- 


tem—or a sanitary 


Photos show installation of concrete catch basin 


Concrete pipe has 
been used for storm 


drains and sewers for 


and 84-in. concrete pipe on Calumet Express- 
way. The size of the concrete pipe in this 


project ranges from 12 in. to 96 in. in diameter. 


sewer — specify con- 
crete pipe for low- 


annual-cost service. 


PORTLAND CEMENT ASSOCIATION 
33 W. Grand Avenue « Chicago 10, Illinois 


A national organization to improve and extend the uses of portland cement and concrete 
through scientific research and engineering field work 


FES 
TYPICAL UMET EXPRESSWAY, SHOWING DRAINAGE SYSTEM. 
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SEWAGE AND INDUSTRIAL WASTES 


FOR EVERY STEP OF YOUR 


SEWAGE TREATMENT PROCESS 


Fg ten you specify INFILCO Sewage Treat- 
ment Equipment, you get more than just 
equipment. Actually, you specify over 50 years 
experience in the design and manufacture of 
a complete range of water, sewage and waste 
treatment equipment. 


You have one source to depend upon for experi- 

ence in both chemical and biological treatment 

... for the major equipment items as well as the SEND FOR ay 

important control devices. And by providing a 

complete range of sewage treatment equipment 

INFILCO offers the all-important advantage of peers 

items of Infilco 


A complete laboratory and staff of competent Equipment 
engineers are available for making recommen- 
dations and reports to the consulting engineer 
or his client. It is, of course, intended that this 
service shall cooperate with the work of your 
engineers. When considering your next sewage 
treatment plant, or the modernization of an 
existing one, call in your nearest INFILCO Field 
Engineer, or write our executive offices in Tucson. 


Bulletin No. 60-C. 
it illustrates and 


© BETTER WATER CONDITIONING ° 
AND WASTE TREATMENT SINCE 
1894 


INFILCO INE. 


NEW YORK 17* FYUESON* CHICAGO 16 


SALES OFFICES tN TWENTY PORINCIPAL CUTIES 


WORLD'S LEADING MANUFACTURERS OF WATER CONDITIONING AND WASTE TREATING EQUIPMENT 
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SEWAGE AND INDUSTRIAL WASTES 


Where corrosion resistance counts— 


consider ANACON pA 


COPPER ALLOYS 


EVERDUR 


Designed and built by the 
Coldwell-Wilcox Division of 
Krajewski-Pesant Manufacturing 
Corporation, this inlet and control 
gate shows an economical use of 
special metals to give long life. 


Everpur* (copper-silicon alloy) 
facing strips, bolting and engaging 
surfaces were chosen as the best 
metal known to resist corrosion by 
tidal waters, partly salt and contam- 
inated by effluents from industrial 
plants, sewage and the like. 


The high-strength back pressure 
brackets are made of ANACONDA 
Manganese-Bronze, the same metal 
being used to couple the stem sec- 
tions. The 4% in. diameter stem itself 
is of TempaLoy*, an Anaconda 
aluminum bronze having unusually 
high strength properties. 


Use of these materials assures 
the freedom from rust and scaling 
essential to the long-lasting 
adequate strength and easy 
operation so much desired. 


Anaconda engineers are available 
to cooperate with you to obtain 
similarly dependable and 
economical equipment. Write to: 
The American Brass Company, 
Waterbury 20, Connecticut. 

In Canada: Anaconda American 
Brass Ltd., New Toronto, Ont. sissa 
*Reg. U. S. Pat. Off. 
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SEWAGE AND INDUSTRIAL WASTES 


Jerry Donohue Engineering Company 
specifies 


NERTOL PAINT 


The pump room at Fond du Lac 
Ramuc Utility, a long-lasting tile-like enamel 
beautifies the walls, ceilings and stairs. 


Glamortex, an alkyd resin enamel, gives a 
durable, mar-resistant finish to railings, piping 
and machinery. 


@ This beautiful, modern sewage plant at 
Fond du Lac, Wisconsin, is just one of 
many where Inertol paints are specified 
by Bruno Hartman of Jerry Donohue 
Engineering Company, Sheboygan, Wis- 
consin. He has found, as you will too, 
that Inertol specialized coatings meet ex- 
actly the requirements of hardness, 
elasticity, chemical inertness and beauty. 
Each product in the line has been devel- 


oped especially for sewage plant usage. 
The superiority and quality has been 
proved in hundreds of installations 
throughout the country. 

Our Field Technicians will be pleased 
to discuss the Inertol line fully with you 
at your office. Or write today for the 
“Painting Guide,” an invaluable aid for 
Design Engineers, Specification Writers, 
Contractors and Plant Superintendents. 


INERTOL CO., INC. 


482 Frelinghuysen Avenue 
Newark 5, New Jersey 


27 South Park, Department 2 
Sen Francisco 7, California 
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Wherever natural or sewage gas is available, 
diesel plant operators are producing lower cost 
kw-h by converting to dual fuel—or installing 
new dual-fuel engines. Leading the trend in this 
relatively new diesel development is Fairbanks- 
Morse, with field conversion parts for many 
popular sizes of Fairbanks-Morse diesels—and 
with a growing line of factory-built dual-fuel 
engines.* If you haven’t thought of the savings 


® FAIRBANKS-MORSE, 


3K Over 160,000 hp. sold—128 
engines—morethanany other 
manufacturer. 


2K Savings reported over SO% 


in fuel cost. 


* Field conversion parts avail- 
able for many models. 


3K Basic Fairbanks-Morsedesign 
advantages—?2 cycle, low 
rpm, low BMEP, fewer mov- 
ing parts, proved record of 
performance. 


dual fuel operation can bring to your plant— 
you should. When you do, think of Fairbanks-Morse, 
for no other manufacturer has equal experience in 
building, installing and servicing dual-fuel engines! 
The benefits of this experience are yours for the 
asking. Fairbanks, Morse & Co., Chicago 5, 
Illinois. 

*Write for information, stating size and type of 
engine in which you are interested. 


DIESEL AND DUAL-FUEL ENGINES @ 
ELECTRICAL MACHINERY © PUMPS © 


aname worth remembering 


SCALES © DIESEL LOCOMOTIVES © 
MOMEWATER SERVICE EQUIPMENT @ 
FARM MACHINERY 


: 
J 
A Sure Way fo Get lower Cost 
— 
: 


OTHER VALVE 


for sewage disposal 

and gas line services: 
* 

The valve with the pressure- 

lubricated Tapered Plug 


A TIGHT SHUT-OFF ALWAYS 
Sealed with lubricant 


ceckwell 


a RESILIENT SHOULDER SEAL | RELUBRICATE UNDER PRESSURE | UNEXPOSED VALVE SEAT | ADAUSTABLE UNDER PRESSURE aa 

Allows jacking of plug No need 10 shut down line No contact with line Ruid Simple external odjustrm ont 

=. QUARTER TURN MOST COMPACT SIZES PRESSURE-SEALED PORTS SAVE MAN-HOURS ate 

Simple sliding action For restricted areas “Sealdpert” lubrication Use Hypermetic lubricant 

< 

GIA, 

-KWELL MANUFACTURING COMPANY 
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For High Efficiency 
in Clarifying Sewage 
and Industrial Wastes 


CLVERAL 
CHEMICAL 
‘ALUM 


Because of its high efficiency in 
coagulating suspended solids and 
colloids ... readily and economi- 
cally ... “alum” is the choice of 
experts America over for clarify- 
ing wastes. 

And because of its 50-year-old 
reputation for consistently high 
quality and uniformity, General 
Chemical Aluminum Sulfateis the 
first choice “alum.” So be sure... 
for high efficiency in clarifying 
sewage and industrial wastes, al- 
ways specify General Chemical 
“Alum” for your operations. 


1 Clean and easy to to handle 


2 Dry feeds well or dissolves readily for solution feeding 


3 Simple application; requires only low cost feeding apparatus 
and minimum attention 


4 Makes clear, low-color effluents possible 
You Benefit 8 Ways 5 Flocs effectively over wide pH and alkalinity conditions 
When You Use 
General Chemical Aluminum Sulfate 6 Helps sludge digest and dry readily with 
minimum of odor 


7 Reduces chlorine consumption in the effluent 


8 Economical to use 


GENERAL CHEMICAL DIVISION 


ALLIED CHEMICAL & DYE CORPORATION 
40 Rector Street, New York 6, N. Y. 
Offices: Albany Acianta Baltimore ¢ Birmingham ¢ Boston 
Bridgeport Buffalo Charlotte Chicago ¢ Cleveland 
Denver * Detroit * Houston ¢ Jacksonville © Los Angeles 
Minneapolis * New York © Philadelphia ¢ Pittsburgh 
Providence San Francisco Seattle St. Louis 
Yakima (Wash.) 
FOG In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 
tn Canada: The Nichols Chemica! Company, Limited © Montreal © Torente + Vancouver 
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\ 


Plan with nec 
Symbols of Safety 


FOR GAS CONTROL THROUGHOUT YOUR 
SEWAGE TREATMENT PLANT 


0 


PROVED ona 


THE VAPOR RECOVERY SYSTEMS COMPANY 
COMPTON, CALIFORNIA, U.S. A. 


$-10 
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“VAREC” Pressure 
Relief and Vacuum 
Breaker Valve with 
Flame Arrester — Fig. 
5800C — Relieves ex- 
cess pressures and 
vacuum in digesters 
and protects vessels 
from outside fires. 


“VAREC” Explosion 
Relief Valve—Fig. 70 
— Relieves sudden 
surges in pressure 
from explosion or mo- 
mentary plant fluctua- 
tions. 


“VAREC” Flame Trap 
Assembly — Fig. 450— 
Prevents flame propa- 
gation in piping. 


“VAREC” Waste Gas 
Burner — Fig. 236, 237 
or 238 — Efficiently 
burns all excess gas. 


“VAREC” Flame Check 
— Fig. 51A or 52A— 
Prevents flashback 
from burner pilot or 
laboratory burners. 


“VAREC” Pressure Re- 
lief and Flame Trap 
Assembly — Fig. 440— 
Permits excess pres- 
sure to be wasted 
through gas burner 
and prevents flame 
flashback from burner. 


“VAREC” Pressure Re- 
ducing Regulator— 
Fig. 187 or 387—Con- 
trols pressure of gas 
going to utilization 
equipment. 


“VAREC” Check Valve 
—Fig. 211 of 211A— 
Controls direction of 
gas flow. 


“VAREC” Manometer 
— Fig. 215, 215A, 216 
or 216A — Indicates 
system pressures. 


“VAREC” Drip Trap— 
Fig. 245 or 248. 


“VAREC” Sediment 
Trap — Fig. 230, 232 
or 233 — Keeps lines 
drained and free from 
moisture. 


Available from Authorized Sewage Equipment Agents throughout U.S. and Canada. 
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HEADIN’ MIAM/ 
Ano HE AWWA, CONVENTION 


A warm welcome awaits 
you at the booth where 
APRIL 27g R. D. Wood products will 
be on display. We are 
70 MAY F looking forward to show- 
ing you the famous 
Mathews replaceable bar- 
rel—a feature that is in- 
corporated in the hydrants 
of the modern fire-fight- 
ing system of the city of 
Miami. 


Made by R. D. Wood Company 
Public Ledger Building, Independence Square 
Philadelphia 5, Pa. 


Manufacturers of “Sand-Spun” Pipe (centrifugally 
cast in sand molds) and R. D. Wood Gate Valves 
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officials, consultants, machinery 


A modern sewage disposal plant requires the 
complete co-ordination of electrical, mechani- 
cal and architectural features by a sewage dis- 
posal specialist: the consulting engineer. To 
the consulting engineer, his clients, and the 
machinery builder, General Electric offers 
years of experience in the application of elec- 
tric equipment to sewage treatment. 


Call on G-E application and design engineers 
early in the planning stage. They will expertly 
select and integrate components to form a 
completely co-ordinated electrical system . . . 
the heart of every modern sewage treatment 
plant. Apparatus Department, General Electric 
Company, Schenectady 5, N. Y. 


General Electric offers latest electrical ideas to city 


MOTOR reliability is always of primary im- 
portance. G-E application engineers select 
motors with correct operating characteristics 
and structural features for each particular 
application. 


CONTROL, like the Cabinetrol* unit pictured 
above, is tailored to your specifications. Cabi- 


netrol is factory bled for complete co- 
ordination of control components. 


UNIT SUBSTATIONS bi transf. s 
and switchgear in one package. Both G-E 
load-center (under 600 volts output), and 
master unit substations, shown here, (over 
600) provide reliable power distribution. 


*Reg. Trade-mark of General Electric Company 


GENERAL @@) ELECTRIC 
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Jeffrey Spiral 
Conveyor han- 
dling alum and 
lime in a large 
Water Works 
Plant. A section 
of Spiral flight 
is also shown. 


Sludge Collecto 


MANUFACTURING COMPANY Establishea 1877 
902 North Fourth St., Columbus 16, Ohio 
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THE SPIRAL CONVEYOR 


A COMPACT INSTALLATION 


Used extensively in Water Works Plants for handling lime, alum or 
other chemicals—saving time and cost. Jeffrey Spirals make compact 
installations —can be made dust-tight. No return strand. Capacities vary 
with size of unit. 

Photo above shows a Jeffrey Spiral installation in a large Ohio Water 
Works Plant. Note the clamped cover used when handling dusty mate- 
rial—also the various rack and pinion valves in the trough bottom for 
delivery of material when and where needed. 

Catalog No. 803-A fully describes and pictures Jeffrey Spirals. Cata- 
log No. 775-A covers our complete line of Sewage, Water and Indus- 
trial Waste Treat t 


Complete line of 
Materia} Handling 

Pi rocessing and 
Mining Equipment 


Baltimore 2 
Beckley, W. Va. 
Birmingham 3 Cincinnati 2 Harlan, Ky. 
Boston 16 Cleveland 15 Houston 2 


Jeffrey Mfg. Co., Ltd., Montreal, Canada 
Jeffrey-Galion (Pty.) Ltd., Johannesburg, S.A. 
The Ohio Malleable Iron Co., Columbus, Ohio 


Buffalo 2 
Chicago 1 


Denver 2 
Detroit 13 


2 
ilwaukee 2 
New York 7 Salt Lake City 1 
Philadelphia 3 Scranton 3 


British Jeffrey-Diamond Ltd., Wakefield, England 
The Galion Iron Works & Mfg. Co., Galion, Ohio 
The Kilbourne & Jacobs Mfg. Co., Columbus, Ohio 


Pittsburgh 22 
t. Louis 1 
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MANUFACTURERS OF 
PEKRUL GATES FOR: 


Flood Control 
Levees 


Pekrul Model 56 Sluice Gate: 
108” x 108” Back Pressure 
Flanged Type 


Irrigation 
Water Works 
Dams 


Sewage Disposal 
Reservoirs 
Pumping Plants 
Oil Refineries 
Fish Hatcheries 
Rearing Ponds 
Recreation Pools 
Cooling Towers 


MACHINERY: 
DENVER, COLORADO 
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The strengths demanded of pipe to 

be laid under expensive modern pavements, if costly 

repairs and replacements are to be avoided, are 

known strengths— proved by experience and 

determinable by tests. The four strength factors that 

pipe must have to with d beam st 1 
loads, traffic shocks and ab 1 ki: 

are listed in the box opposite. No pipe, , deficient 

in any of these strength factors should ever be Iaid in 

paved streets of cities, towns or villages! Cast iron 

water and gas mains, laid over a century ago, 

are serving today in the streets of 30 or more cities. 

These service records prove that cast iron pipe 

not only resists corrosion but has all the vital 

strength factors of long life and economy. 


THE STRENGTHS 
you need in pipe for city streets 
CRUSHING STRENGTH 


The ern of cast iron pipe to withstand 
external loads imposed by heavy fill and un- 
usual traffic loads is proved by the Ring Com- 
pression Test. Standard 6-inch cast iron pipe 
withstands a crushing weight of more than 
14,000 Ibs. per foot. 


BEAM STRENGTH 


When cast tron pipe is subjected to beam 
stress caused by soil settlement. or disturbance 
of soil by other utilities. or resting on an ob- 
struction, tests prove that standard 6-inch cast 
fron pipe in 10-foot span sustains a load of 
15,000 lbs. 


SHOCK STRENGTH 


The toughness of cast iron pipe which enables 
it to withstand impact and traffic shocks. as 
well as the hazards in handling, is demon- 
strated by the Impact Test. While under bydro- 
static pressure and the heavy blows from a 
50 pound hammer, standard 6-inch cast iron 
pipe does not crack until the hammer is 
dropped 6 times on the same spot from pro- 
gressively increased heights of 6 inches. 


BURSTING STRENGTH 


In full length bursting tests standard 6-inch 
cast iron pipe withstands more than 2500 Ibs. 
per square inch internal hydrostatic pressure. 
which proves ample ability to resist water- 
hammer or unusual working pressures. 


CAST IRON PIPE RESEARCH ASSOCIATION, THOS. F. WOLFE, MANAGING DIRECTOR, 122 SO. MICHIGAN AVE., CHICAGO 3. 


CAST TRON PIPE 
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AERATOR-CLARIFIER 


Ihe new Dorrco Aerator-Clarifier is a ~ ¢ ADVANTAGES os compared with 
separate preaeration and sedimenta- 
compact, low-cost unit combining the func- is tion tanks. 


1. Compoct ... single tank saves ground 
tions of preaeration, flocculation and sedimen- space. 
‘ 2. Me solids interference in ceration 
tation ina single tank. It is applicable wher- chamber .. . grit and heavier solids 
settle quickly, avoiding interference 
ever it is advantageous to increase suspended 8 with Rloccviant material. 
. Me breakup of floc structure . . low 
transfer velocities from Aerator to 
Clarifier section eliminotes breakup 
trol or elimination is necessary—or where of Recevlated materia! 
4 . Minimum ef short circuiting . . . spiral- 
flocculation with or without chemicals, is 4 flow aeration effect in Aerator mini- 
q mizes short circuiting. 


beneficial. It fits equally well into primary 5. Simple maintenance 


solids and B.O.D. removals—where odor con- 


aeration 
tubes are removable for cleaning or 
without interfering with 


or secondary treatment flowsheets . . . with 
notable advantages in both. . 


Highlights of Aerator-Clarifier superiority are 


listed at the right, but it will pay you to 
check the complete story of the design and 
operating characteristics. A Dorr engineer 
will gladly tell you more . .. without obli- 
gation. 


THE DORR COMPANY, ENGINEERS 
BARRY PLACE, STAMPORD, CONN. 
NEW YORK ® ATLANTA ® TORONTO 
CHICAGO © DENVER © LOS ANGELES 
RESEARCH AND TESTING LASORATORICS 
‘WESTPORT, CONN. 

SUGAR PROCESSING 
PETREE & CORR DIVISION, STAMFORD, CONN. 
ASSOCIATES AND REPRESENTATIVES 
Dorr Technical Services and Equipment Are Aho 

Assoc! companies ond 
reventatives in the Principal Cities of the World. 
Nomes ond Addresses on Request. 
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Sewage Works 


LET’S LOOK AT THE RECORD OF SANITATION * 


By Gorvon M. Fair 


Abbott and James Lawrence Professor of Engineering, and Gordon McKay Professor of 
Sanitary Engineering, Harvard University, Cambridge, Mass. 


**Let’s look at the record’’ may well 
be a motto for engineers, chemists, 
biologists, and administrators who are 
concerned with the sanitation of com- 
munities. The record of achievement 
is one of which they can be justly 
proud, but it is a record that is too little 
known and too little sounded. ‘‘A city 
set on a hill cannot be hid,’’ but the 
sanitary works that serve the city, that 
bring it health and the comforts of 
civilized existence, are in large part 
buried in the ground ‘‘out of sight and 
out of mind.’’ Where sanitation, and 
with it public health, flourish, the boon 
that it has conferred upon the com- 
munity is tremendous, but it is quickly 
accepted and all too soon forgotten. 
The incidence of disease and death due 
to causes that have their origin in poor 
sanitation attains an almost irreducible 
minimum when the necessary elements 
of sanitation have been provided. 
Afterwards there appears to be little 
challenge or reason for enthusiasm, and 
only gross negligence or a calamity 
will call the attention of the public to 
the need for the activities of the sani- 
tary engineering profession, which not 
only remain as great as before but in- 
crease as the number of nonimmunes 
in the population inereases. For 
Hygeia is an exacting mistress who 
will not brook neglect. 

If we would refresh our faith in the 
cause we serve, we need but turn back 
the pages of time and view the scenes 


* Presented at 1951 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; January 19-20, 1951. 
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that met the eye of that small group 
of enlightened men who looked both 
with understanding and with compas- 
sion upon the conditions under which 
large masses of people were forced to 
live less than a hundred years ago in 
the great communities of the world. 
Perhaps it will be best if we let these 
pioneers in sanitation present their case 
to us in their own words. Therefore, 
I quote freely from their writings or 
statements as given to us in publica- 
tions of their day. Furthermore, no 
attempt is made to encompass the whole 
field of sanitation, these remarks being 
restricted to matters of sewerage and 
drainage, since these are the subjects 
in which my audience is particularly 
interested. 


The Need for Sanitary Sewerage 

The water carriage of wastes from 
household and industry, contrary to 
general belief, is only a little over a 
hundred years old. Early drainage 
works were built to carry away the 
runoff from storms. That they helped 
to cleanse the cities, at least super- 
ficially, of some of the communal debris, 
we can judge from deseriptions such as 
that of a city shower of October, 1710, 
cased in the satire of Jonathan Swift.’ 


“Now from all parts the swelling kennels 
flow, 

And bear their trophies with them as they 
go: 

Filth of all hues and odour, seem to tell 

What street they sail’d from, by their sight 
and smell. 


! First printed in The Tatler, No. 238. 
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They as each torrent drives with rapid 
force, 

From Smithfield and St. Pulchre’s shape 
their course, 

And in huge confluence join’d at Snowhill 
ridge, 

Fall from the conduit prone to Holborn 
bridge 

Sweeping the butcher's stalls, dung, guts, 
and blood, 

Drown’d puppies, 
drenched in mud, 

Dead cats and turnip tops, come tumbling 
down the flood.” 


stinking sprats, all 


But the filth of the streets was of little 
importance, hygienically, compared 
with the filth of man’s habitations. 
How great the need for sanitary sew- 
erage had become as a result of ur- 
ban growth during the nineteenth cen- 
tury is attested by reports from many 
I shall record but a few. The 
first of these is taken from the ‘‘ Report 
of the Poor Law Commissioners on an 
Inquiry into the Sanitary Condition of 
the Labouring Population of Great 
Britain’? of 1842.2 ‘‘Many dwellings 
of the poor are arranged,’’ we are told 
in this report, ‘‘round narrow courts 
having no other opening to the main 
street than a narrow covered passage. 
In these courts there were several oc- 
cupants, each of whom has accumulated 
a heap. In some cases, each of these 
heaps is piled up separately in the 
court, with a general receptacle in the 
middle for the drainage. In others a 
pit is dug in the middle of the court 
for the general use of all the ocecu- 
pants. In some the whole courts up 
to the very doors of the houses are 
covered with filth. Around this 
mass, the cottages of the residents are 
arranged, having no back outlet, no 
back windows, or other means of venti- 
lation. The windows and doors of the 
houses are open and look towards this 
mass; and all the air supplied to the 
inmates is obtained through these doors 
and windows. The residents I learnt 


sources, 


2 London, W. Clowes and Sons, ‘‘ Local Re- 
ports,’”’ p. 2. 
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were very frequently subject to fever, 
and were always regarded as the first 
to be affected by any epidemic disease.”’ 
And well they might. 

A second report, also descriptive of 
London, is made in 1856 by the Medi- 
cal Officer of Health in St. Olave’s, 
Southwark. 


“Here, within a small area, are 
thirty-nine houses, all having open foul 
privies, cesspools are filled, and many 
overflowing. The yards are foul, dirty, 
damp, and wretchedly paved with 
small, loose, broken bricks—most of 
them are daily filled with the overflow- 
ing of the drains and cesspools, the 
drains are all untrapped, and scarcely 
a house has a proper receptacle for 
water; they are mostly broken, dilapi- 
dated, uncovered tubs, placed close to 
the cesspools, so as to absorb the foul 
gases emanating from them. The 
effluvium on entering any of these 
places is abominable, and greatly com- 
plained of... 


Of conditions such as these Charles 
Dickens had this to say at a public 
meeting in 1850: 


“‘He knew of many places in London 
unsurpassed in the accumulated horrors 
of their long neglect by the dirtiest old 
spots in the dirtiest old towns under 
the worst old governments in Europe.’’ 


But we need not, in fact, go abroad 
for our ‘‘horrible examples.”’ Two 
references to the City of New York 
should prove sufficiently shocking. 
3oth are found in the ‘‘Report of the 
Council of Hygiene and Public Health 
of the Citizens’ Association of New 
York upon the Sanitary Condition of 
the City,’’ whieh was published in 
1865. The first reference is to a state- 
ment of the medical inspector for the 
fourth inspection district. 


‘*The number of inhabited basements 
and eellars is 224, oceupied by 268 
families, or about 1,400 persons. Their 
depth below the ‘curb’ or street level 
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varies from 2 to 8 feet, averaging about 
41% feet. 

‘‘They are all damp, those in the 
least elevated localities, of course, being 
most so. In very many cases the vaults 
of privies are situated on the same or 
a higher level, and their contents fre- 
quently ooze through walls into the oe- 
cupied apartments beside them. Fully 
one-fourth of these subterranean domi- 
ciles are pervaded by a most offensive 
odor from this source, and rendered ex- 
ceedingly unwholesome as human habi- 
tations. These are the places in which 
we most frequently meet with typhoid 
fever and dysentery during the sum- 
mer months.”’ 


The second reference is to the six- 
teenth inspection district. 


Location and care of Privies— 
These form one of the chief features 
of insalubrity. Nearly all of them are 
too small in size and too few in 
number, and without ventilation or 
seat-covers. About twelve were found 
full to the floor timbers, or within one 
foot of them. In some cases the doors 
were found locked securely, and on 
procuring the key and inspecting the 
privy, such masses of human excrement 
were found on the seats and floors as 
would justify the locking of the door 
to protect unwary persons from injury. 
Occupants of rear buildings are the 
principal sufferers from this insalu- 
brity. The proximity of privies is in 
some cases eight feet from the windows 
of rear houses; the odor in these is, 
especially at night, intolerable.’’ 


How the City of New York had 
fallen into so evil a state is told by Dr. 
Stephen Smith in ‘‘The City That 
Was.’’ 


‘*Nature,’’ says Dr. Smith, ‘‘had 
made ample provision for the me- 
tropolis of the western hemisphere .. . 
two large rivers of pure water from the 


3 Frank Allaben, New York, 1911, pp. 17, 
18, 19. 
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mountains and the sea flushed its 
shores, carrying the outflow of its 
waste far away seaward; its soil could 
be thoroughly drained; its sewerage 
could be so constructed as to convey 
to the sea all forms of domestic waste 
and surface filth; its southern exposure 
towards the ocean insured sunlight and 
sea breezes; its inland situation sup- 
plied to its atmosphere the life-giving 
virtues of abundant vegetation; the 
climate was temperate.”’ 

Until 1866, however, according to Dr. 
Smith, ‘‘the people elected that the city 
should be unhealthy. The land was 
practically undrained; the drinking 
water was from shallow wells, befouled 
by street, stable, privy, and other filth; 
there were no adequate sewers to re- 
move the accumulating waste; the 
streets were the receptacles of garbage ; 
offensive trades were located among the 
dwellings; the natural water courses 
and springs were obstructed in the con- 
struction of streets and dwellings, thus 
causing soakage of large areas of land, 
and stagnant pools of polluted water. 

‘‘Later, in these centuries of neglect 
of sanitary precautions, came the im- 
migrants from every nation of the 
world, representing for the most part 
the poorest and most ignorant class of 
their respective nationalities. This in- 
flux of people led to the construction of 
the tenement house by landowners, 
whose aim was to build so as to ineur 
the least possible expense and accom- 
modate the greatest possible number. 
In dark, unventilated, uninhabitable 
structures these wretched, persecuted 
people were herded together, in cellars 
and garrets, as well as in the body of 
the building, until New York had the 
largest population to a square acre 
(sic) of any civilized city. 

“‘The people had not only chosen to 
conserve all the natural conditions un- 
favorable to health, but had steadily 
added unhygienic factors in their meth- 
ods of developing the city. 

“The result was inevitable. New 
York gradually became the natural 
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home of every variety of contagious 
disease, and the favorite resort of 
foreign pestilences.’’ The death rate 
in New York in the five years preced- 
ing 1866 averaged 38 per 1,000, which 
was 23 in excess of the standard of 15 
per 1,000 which seemed to be obtainable 
in other ‘‘civilized’’ communities of 
the world at that time and perhaps 30 
in excess of the expected mortality in 
similar age groupings today. 

The recurrence of epidemic diseases 
such as typhoid fever, typhus fever, 
cholera, and even yellow fever, created 
among thoughtful medical men in New 
York a growing sentiment for reform. 
A society devoted expressly to sanitary 
reform, called The Sanitary Associa- 
tion, was organized and brought its 
case before the powerful Citizens’ As- 
which had been created in 
the early sixties under the presidency 
of Peter Cooper, the ironmaster, fa- 
mous, among other things, for having 
built the first American locomotive and 
breaking up the notorious Tweed Ring. 
At a meeting of the Citizens’ Associa- 
tion on February 29, 1864, the Sanitary 
Association was invited to become a 
Committee on Sanitary Inquiry of the 
Citizens’ Association. In 1865 this 
Committee made its report, entitled 
‘*The Report of the Council on Hygiene 
and Public Health of the Citizens’ As 
sociation of New York upon the Sani 
tary Condition of the City.’’ It is 
this report that produced the sanitary 
reform of New York. Two of the quo- 
tations already given are taken from 
it. 


sociation, 


The Need for Sewage Interception 
and Treatment 


There was a sense of urgency in the 
sanitary reforms that highlight the 
second half of the nineteenth century, 
beginning with Edwin Chadwick in 
England in 1842, taking hold of the 
imagination of Lemuel Shattuck in 
Boston in 1850, and coming into force 
through Stephen Smith and his associ- 
ates in New York in 1865. The removal 
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of wastes from human _ habitations 
seemed to be particularly urgent. It 
eould be and was brought about by 
calling existing storm drains into use. 
The combined system of sewerage was 
thereby created. As early as 1847, how- 
ever, Sir Edwin Chadwick * had advo- 
cated the separate carriage of wastes 
from habitations and industries and of 
storm-water flows. His admonitions, 
unfortunately, fell on deaf ears. There 
would be less regret today if munici- 
palities had aecepted his advice of 
sending ‘‘the rainfall to the river and 
the sewage to the soil.’’ With almost 
no attention paid to his warnings, it is 
only in the present century that the 
wisdom of separate systems of sewer- 
age has been acknowledged through 
the efforts of health departments. In 
the intervening years, most established 
communities were forced to build great 
systems of marginal drains to intercept 
dry-weather flows from combined sys- 
tems in order to give protection to wa- 
ter courses that had become over- 
burdened with sewage. 

Let us see how bad conditions had 
become before remedial interception 
was taken. Turning to the Thames we 
find in the Lancet of July, 1855, that 
the river presented the following as- 
pect: 


“*The waters are swollen with the 
feculence of the myriads of living be- 
ings that dwell upon the banks, and 
with the waste of every manufacture 
that is too foul for utilisation. Where- 
soever we go, whatsoever we eat or 
drink within the circle of London, we 
find tainted with the Thames. . . . No 
one having eyes, nose, or taste, can look 
upon the Thames and not be convinced 
that its waters are, year by year, and 
day by day, getting fouler and more 
pestilential. .. . The abominations, the 
corruptions we pour into the Thames, 
are not, as some falsely say, carried 
away into the sea. The sea rejects the 

+ Report of the Commission to Enquire into 
the Sanitary Condition of the Metropolis. 
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loathsome tribute, and heaves it back 
again with every flow. Here, in the 
heart of the doomed city, it aceumu- 
lates and destroys.’’ 


Writing about this stream during the 
hot months of 1858 and 1859, Dr. Budd 
in his classical treatise on ‘‘ Typhoid 
Fever, Its Nature, Mode of Spreading, 
and Prevention”’ had this to say: 


‘“‘For the first time in the history 
of man, the sewage of nearly three mil- 
lions of people had been brought to 
seethe and ferment under a burning 
sun, in one vast open cloaca lying in 
their midst. 

‘*The result we all know. Stench so 
foul, we may well believe, had never 
before ascended to pollute this lower 
air. Never before, at least, had a stink 
risen to the height of an historie event. 
Even ancient fable failed to furnish 
figures adequate to convey a conception 
of its thrice Augean foulness. For 
many weeks, the atmosphere of Parlia- 
mentary Committee-rooms was only 


rendered barely tolerable by the sus- 
pension before every window, of blinds 
saturated with chloride of lime, and by 
the lavish use of this and other disin- 


fectants. More than once, in spite of 
similar precautions, the law-courts were 
suddenly broken up by an insupport- 
able invasion of the noxious vapor. 
The river steamers lost their aecus- 
tomed traffic, and travellers, pressed for 
time, often made a circuit of many 
miles rather than cross one of the city 
bridges. 

‘‘For months together, the topic al- 
most monopolised the publie prints. 
Day after day, week after week, the 
Times teemed with letters filled with 
complaint, prophetic of calamity, or 
suggesting remedies. Here and there, 
a more than commonly passionate ap- 
peal shows how intensely the evil was 
felt by those who were condemned to 
dwell on the Stygian banks. At home 
and abroad, the state of the chief river 
was felt to be a national reproach. 
‘India is in revolt, and the Thames 
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stinks,’ were the two great facts coupled 
together by a distinguished foreign 
writer, to mark the climax of a na- 
tional humiliation. But more signifi- 
cant still of the magnitude of the 
nuisance was the fact that five millions 
of money were cheerfully voted by a 
heavily taxed community to provide the 
means for its abatement. With the 
popular views as to the connection be- 
tween epidemic disease and putrescent 
gases, this state of things naturally 
gave rise to the worst forebodings.’’ 


That there was no similar record for 
the waters that gird the City of New 
York is indubitably due to the large 
flow of upland waters carried by the 
Hudson River and by a majestic tidal 
prism. For Boston, however, Eliot C. 
Clarke’s ‘‘Report on the Main Drain- 
age Works of the City of Boston”’ 
(1885) quotes one of the Annual Re- 
ports of the Board of Health as saying : 


‘*Complaints of bad odors have been 
made more frequently during the past 
year than ever before. 

‘They have come from nearly all 
parts of the city, but especially and 
seriously from the South and West 
Ends. 

‘‘Large territories have been at once, 
and frequently, enveloped in an atmos- 
phere of stench so strong as to arouse 
the sleeping, terrify the weak, and 
nauseate and exasperate everybody. 

‘‘It has been noticed more in the 
evening and by night than during the 
day; although there is no time in the 
whole day when it may not come. 

“*Tt visits the rich and the poor alike. 
It fills the sick-chamber and the office. 
Distance seems to lend but little pro- 
tection. It travels in a belt half-way 
across the city, and at that distance 
seems to have lost none of its potency, 
and, although its source is miles away, 
you feel sure it is direetly at your 
feet. . 

‘*The sewers and sewage flats in and 
about the city furnish nine-tenths of 
all the stenches complained of. 
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‘*They are much worse each succeed- 
ing year; they will be much more 
next year than this. 

‘The accumulation of sewage upon 
the flats and about the city has been, 
and is, rapidly increasing, until there 
is not probably a foot of mud in the 
river, in the basin, in the docks, or 
elsewhere in close proximity to the city, 
that is not fouled with sewage.’’ 


Chadwick’s suggestion that sewage 
be carried to the soil underlies all 
methods of comprehensive sewage treat- 
ment. It implies in addition the utili- 
zation of the fertilizing constituents of 
the sewage. Although, in the course 
of time, we have learned to shun the 
direct use of sewage for the fertilizing 
of crops, because of the health hazards 
that are involved, we must acknowl- 
edge that the very attempt to carry 
sewage to agricultural lands has estab- 
lished sewage treatment as an essential 
component of sewage disposal. The 
thought of recovering useful elements 


from sewage was advocated, perhaps 
most eloquently by Victor Hugo in 


‘‘Les Miserables.’’ Recommending the 
employment of the sewage of Paris for 
the irrigation of farms along the Seine, 
Hugo wrote these rhapsodical lines: 


**Paris casts twenty-five millions of 
franes annually into the sea; and we 
assert this without any metaphor. 
Twenty-five millions are the most mod- 
erate of the approximate amounts given 
by the estimates of modern science. 
Science, after groping for a long time, 
knows now that the most fertilizing 
and effective of manures is human 
manure. ... There is no guano com- 
parable in fertility to the detritus of 
a capital, and a large city is the strong- 
est of stercoraries. To employ the town 
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in manuring the plain would be certain 
success; for if gold be dung, on the 
other hand our dung is gold. . . . Do 
you know what those piles of ordure 
are, collected at the corners of streets, 
those carts of mud earried off at night 
from the streets, the frightful barrels 
of the night-man, and the fetid streams 
of subterranean mud which the pave- 
ment conceals from you? All this is a 
lowering field, it is green grass, it is 
mint and thyme and sage; it is game, 
it is cattle, it is the satisfied lowing of 
heavy kine, at night it is perfumed hay, 
it is gilded wheat, it is bread on your 
table, it is warm blood in your veins, 
it is health, it is joy, it is life.’’ 


Although we may quarrel with these 
figures and these promises, we must 
admire the imaginative approach to 
the disposal of sewage that they pre- 
sent. You will agree with me, further- 
more, that our predecessors were more 
colorful in their appeal for public sup- 
port of needed sanitary ventures than 
we have dared to become in a more 
prosaic age. 

May I close my recital of the record, 
as I began it, by letting a poet tell the 
story—in this Samuel Taylor 
Coleridge after a visit to the City of 
Cologne in about 1798: 


case 


“The river Rhine, it is well known, 

Doth wash your city of Cologne; 

But tell me nymphs! What power divine 
Shall henceforth wash the river Rhine?” 


It is the duty of the sanitary engi- 
neer to mobilize this poetic, not to say 
prophetic, vision of a ‘‘power divine’’ 
that resides in our waters. Nature can, 
in fact, be made to marshal her powers 
to return the waste waters, if not to 
pristine purity, yet to a standard that 
meets modern health requirements. 


= 

2 

4 

% 

: 

= 


ALTERNATING DOUBLE FILTRATION AT WORKS OF 
THE BIRMINGHAM TAME AND REA DISTRICT 
DRAINAGE BOARD * 


By M. R. Vincent Daviss 


Deputy Engineer to the Birmingham Tame and Rea District Drainage Board, England 


Historic Survey of Minworth 
Filter Beds 


In a paper read in 1903, J. D. Wat- 
son, then engineer to the Birmingham 
Tame and Rea District Drainage Board, 
paid tribute to the experimental work 
on the bacterial treatment of sewage 
which had been earried out by the 
Massachusetts State Board of Health 
since 1887. 

Nineteen years prior to this, in 1868, 
Edward Frankland had earried out in 
the laboratories of the Royal Commis- 
sion on Pollution of Rivers, a series of 
experiments on the intermittent down- 
ward filtration of sewage through sand 
and various soils contained in glass cyl- 
inders 16 ft. and 6 ft. long. An ae- 
count of this work is given in the First 
Report of the Rivers Pollution Com- 
missioners (1870). On reading this 
report one is struck by the similarity 
of the apparatus used to present ex- 
perimental filters, the Commissioners’ 
appreciation of ‘‘the necessity for the 
continual aeration of the filtering me- 
dium’’ and the very low rate of 
filtration found necessary for the pro- 
duction of good results—a rate of some- 
thing under 10 g.p.d.t per cubic yard. 
The report is of particular interest in 
Birmingham by reason of the fact that 
Dr. Frankland gave evidence before 
the House of Commons in support of 
the Birmingham Sewerage Bill in 1872. 

* Presented at 23rd Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; Washington, D. C.; October 9-12, 
1950. 

t The Imperial gallon (= 1.2 U. S. gal.) is 
used throughout this paper. 


The works which were the subject of 
this Bill and which were designed by 
Messrs. Hawksley and Hope, included 
provision for the treatment of Birming- 
ham sewage by intermittent downward 
filtration on the lines suggested by Dr. 
Frankland. Owing to opposition in 
Parliament the Bill was rejected. 

In 1898 the Drainage Board, faced 
with an enormous capital outlay on 
land for extension of the existing ir- 
rigation area, sanctioned an expendi- 
ture of £1,000 for the construction of 
experimental artificial filters. Four fil- 
ters of approximately 120-ft. diameter 
with mechanical distributors were con- 
structed at Minworth. As a result of 
their satisfactory performance this sys- 
tem of treatment was adopted and the 
present filter bed installation at Min- 
worth was developed. 

It is interesting to note that the 
first blocks of filters were originally 
designed for double filtration with the 
primary beds smaller and dosed much 
more heavily than the secondary. It 
was stated that by so doing residual 
solids would be trapped in the primary 
filters, which were designed for ready 
cleaning, whereas the secondary filters 
would be less likely to clog up and no 
cleaning of them was envisaged. In 
fact, the secondary filter effluent was 
to discharge directly to the effluent 
channel without passing through hu- 
mus tanks. 

The arrangement as actually adopted, 
however, was single filtration with up- 
ward flow settling tanks for arresting 
the humus. Distribution on the early 
beds was by fixed jets located in the 
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soffits of mains laid on the surface of 
the bed medium. 

More or less continuous extension of 
the filters was maintained until 1921, 
by which time 43 acres had been com- 
pleted. No further filter beds have 
been constructed at Minworth 
that date. 


since 


Measures to Increase Capacity of 
Existing Beds 


The idea of stage treatment seems 
to have been firmly implanted in the 
minds of the Board’s technical officers. 
The first development to inerease the 
capacity of the main works at Min- 
worth was the installation of bio-floceu- 
lation plants to give partial activated 
sludge treatment to a portion of the 
sewage. By providing a plant to give 
l-hr. aeration it was found that the 
liquor could be satisfactorily treated 
on the beds at a rate 50 per cent 
greater than hitherto and that the con- 
dition of the beds was materially im- 
proved. Of the 40-m.g.d. dry weather 
flow received at the Minworth works at 
that time provision was made for giv- 
ing partial treatment to 17 m.g.d. 

Although the bio-floeculation process 
was thus adopted on quite an extensive 
segle, if in a somewhat unusual man- 
ner, the idea of double filtration still 
lurked in the minds of H. C. White- 
head, late engineer to the Birmingham 
Tame and Rea District Drainage Board, 
and F. R. O’Shaughnessy, late chem- 
ist to the Board. At their instigation 
a plant designed by them for alternat- 
ing double filtration was operated by 
the Water Pollution Research Board 
at the sugar beet factory at Colwick, 
England, in the autumn of 1929. 

The plant consisted of a primary 
filter, which was dosed with settling 
tank effluent at relatively high rates; 
primary humus tanks; pumps for re- 
turning the settled filter effluent to the 
secondary filter; and final humus tanks. 
Provision was made for reversing the 
order of operation of the two filters 
periodically with the object of pre- 
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venting the development of excessive 
surface growths. The results of these 
experiments were not encouraging and 
were inconclusive, as the experiments 
were prematurely terminated by the 
close of the beet season. 

A few years later, Mr. O’Shaugh- 
nessy was consulted privately with re- 
spect to three filters in Gloucestershire 
which were overloaded due to the dis- 
charge into the sewers of trade effluent 
from a vegetable packing factory The 
filter installation consisted of three cir- 
cular beds. On his advice the beds 
were operated in series—two as pri- 
mary and one as secondary, each of the 
three being operated in rotation as 
secondary. The results in this 
proved satisfactory, the success being 
due, almost certainly, to the high de- 
gree of purification effected in the pri- 
mary filter effluent. At about this time 
full-scale experiments on the effect of 
recirculating effluent were being carried 
out at the Board’s Yardley works. In 
1934 the plant was installed at the Min- 
worth works for returning filter bed 
effluent to the bed supply main at the 
rate of 13 m.g.d. 

Between 1933 and 1938 the Water 
Pollution Research Board, of which 
Hl. C. Whitehead was a member, ear- 
ried out laboratory and large-scale ex- 
periments on the treatment of waste 
water from dairies and milk product 
factories, including two-stage filtration, 
with periodic change in the order of 
the filters. The experiments proved 
that the system could be operated to 
give a satisfactory effluent from this 
difficult trade waste and also indicated 
that by its application the capacity of 
an existing bed installation could be 
materially increased. 

As the result of cooperation between 
the Birmingham Tame and Rea Dis- 
trict Drainage Board and the Water 
Pollution Research Board, full-seale ex- 
periments were commenced at Min- 
worth in 1938, to compare the results 
of alternating double filtration and fil- 
tration with recirculation of filter efflu- 
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ent with those from conventional single 
filtration. 

The four experimental filters origi- 
nally built by the Board in 1899 were 
reconditioned and equipped with new 
distributors, meters, humus tanks, and 
pumps to permit of their being oper- 
ated in parallel, in series, or with re- 
circulation. Furthermore, a laboratory 
was built on the site for the use of the 
Water Pollution Research Board, who 
have been responsible for the experi- 
ments carried out and the operation 
of the plant. 

The filter beds in question are ap- 
proximately 120 ft. in diameter and 
of depths varying from 6 to 7 ft. The 
filter medium consists generally of 
114,- to 2-in. broken stone and pebbles. 
The filters are above ground level, 
three having walls of open stone, the 
fourth being brick construction. Each 
is equipped with a four-arm reaction 
distributor. Later, motor drive was 
installed on two machines so that the 
effect of varying the dosage interval 
could be observed. The experiments 
started by establishing the fact that 
all the beds gave similar results when 
operating under similar conditions and 
determining the maximum rate of dos- 
age at single filtration, at which a satis- 
factory effluent was consistently ob- 
tained, and the surface of the bed 
showed no excessive ponding. This 
rate proved to be 60 g.p.d. per cubic 
yard of medium (equivalent to 203 Ib. 
of B.O.D. applied per acre-foot per 
day). Experiments extending over sev- 
eral years were then carried out using 
various systems of filter operation. For 
one series, two of the beds were oper- 
ated with alternating double filtration 
at varying rates of flow and with 
weekly, and later daily, interchange of 
the beds. For a period the primary 
effluent was fed without settlement to 
the secondary filter, but this proved 
unsatisfactory. In the early experi- 
ments, constant flow was maintained, 
but in later experiments it was varied 
at set periods three times a day so as 
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to give a greater variation of flow than 
that normally received at the works. 

Only effluents with a B.O.D. of less 
than 20 p.p.m. were regarded as satis- 
factory and in most cases the condi- 
tions for a given experiment were main- 
tained for at least a year. 

From the study of the Reports of 
the Water Pollution Research Board 
and papers published by members of 
the Water Pollution Research Board’s 
staff, it was concluded that, by having 
double filtration with 24-hr. inter- 
change of the primary and secondary 
filters, the Minworth settled sewage 
would give a consistently satisfactory 
effluent with a B.O.D. of less than 20 
p.p.m. when dosed continuously at a 
rate not exceeding 250 g.p.d. per eubic 
yard of medium with settlement of the 
primary effluent. This over-all rate is 
calculated on the total volume of me- 
dium in primary and secondary filters 
together. 

For design purposes, the figure 
adopted was 160 g.p.d. per cubic yard 
of total medium on the average dry 
weather flow, with a peak of 1.5 times 
the average—that is, 240 g.p.d. per 
eubie yard of medium. 


Local Factors 


The bulk of the storm water over 
most of the Board’s drainage area 
drains into the sanitary sewers. Even 
with storm flows the sewage remains 
high in strength by normal standards. 
The dry-weather flow of sewage at 
Minworth is twice the dry-weather flow 
of the River Tame, into which the 
effluent is discharged. It is considered 
desirable, therefore, to give full treat- 
ment to all flows not exceeding 3 times 
the average dry-weather flow. How- 
ever, because by alternating double fil- 
tration the filters are maintained in a 
highly active state, it is expected that 
for the relatively short periods of their 
duration, rates of flow between 1.5 and 
3 times dry-weather average will be 
satisfactorily treated by single filtra- 
tion only. Consequently, the design 
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allows for double filtration for flows 
up to 1.5 times the dry-weather average 
only, and at flows in excess of this the 
complete installation will operate with 
single filtration. 

The dry-weather flow actually varies 
from 60 to 140 per cent of the average, 
so that it will be only during periods 
of storm that the system will revert to 
single filtration. The filter area will 
be divided equally between primary 
and secondary filters, with humus 
tanks for each stage. The distributors 
and the humus tanks serving each area 
will be designed for rates of flow 
equivalent to 1.5 times the average and 
will be working at maximum capacity 
on two occasions; namely, during max- 
imum flow for double filtration (1.5 
times the average passing through each 
half of the plant) and during maximum 
flow for single filtration (3 times the 
average passing through the complete 
plant). 

The three main Birmingham sewers 


converge at the Board’s Saltley works, 
where the sewage undergoes primary 


FIGURE 1.—Aerial view of Minworth filter beds. 
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and secondary sedimentation in large 
rectangular tanks. From Saltley an 
8-ft. diameter brick culvert 4.5 mi. 
long leads the settled sewage to the Min- 
worth works, where part receives fur- 
ther settlement in upward flow tanks 
before being distributed on to the fil- 
ters, and the remainder is given partial 
treatment in the bio-flocculation plants 
before passing to the filters. The 43- 
acre filter area, excluding the four ex- 
perimental circular beds, comprises 
six blocks (Figure 1). Two of these 
blocks are now equipped with rectangu- 
lar mechanical distributors; the re- 
maining four are fed by fixed jets. 
The filter effluent is settled in upward 
flow humus tanks before passing to the 
River Tame. 

The conversion of the entire works 
has been planned in definite stages 
correlated to the abandonment of ob- 
solete preliminary treatment works at 
Saltley, Ashold, and Tyburn and the 
concentration of the complete treat- 
ment plant at Minworth. The first 
stage includes reconstruction of Block 


Eight beds comprising Block A in near 


corner of filter area; four circular experimental beds immediately adjacent. 
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FIGURE 2.—Layout of new Block A filter beds. 
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A, the oldest of the six blocks of filter 
beds, and construction of four humus 
tanks, two for primary and two for 
secondary stage, a humus sludge pump- 
house, a return effluent pumphouse, a 
meter house, motor houses, ete. 


Description of Works 
Filter Beds 


Block A consists of eight separate 1- 
acre beds. The beds are of conven- 
tional British design with 6-in. sloping 
concrete floors covered with closely 
packed glazed floor tiles and approxi- 
mately 6-ft. depth of medium, gener- 
ally 1-in. to 2-in. in size, but with some 
areas of finer material. The individual 
filter beds are irregular in shape (Fig- 
ure 2), having been constructed to fit 
in with the road layout as it then ex- 
isted. Distribution is by fixed jets. 
The effluent is passed through heavily 
overloaded, upward flow humus set- 
tling tanks to the main effluent conduit. 
The reconstruction involves the filling 
up of six of the roadways between the 
beds, thus forming two large blocks— 
the ‘‘north’’ block and the ‘‘south’’ 
block—of about 4.4 acres each, the con- 
struction of reinforced concrete gan- 
tries carrying the eight supply troughs 
and the distributor rails, and the in- 
stallation of eight sets of rope-hauled 
distributors. Each set of eight ma- 
chines will be driven by a 5-hp. re- 
versing electric motor. The distributor 
will have a span of 56 ft. 7 in. and a 
length of travel of 112 ft. 6 in. The 
speed is specified as 40 ft. per min. and 
the distribution from each machine 
will be continuous. 

With the fixed jets the shape of the 
bed was not important, but to equip 
a parallelogram having an angle of 
72° x 04’ with rope-hauled distributors 
is difficult. That a satisfactory solu- 
tion of this difficulty has been found is 
demonstrated by the fact that few 
visitors, viewing a similar area mechan- 
ised in 1937, remark on the fact that 
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all the machines are built on the skew. 
The present supply to the beds is 
by a main along the east side and the 
new work includes installation of 21- 
in. connections with electrically oper- 
ated valves to each of the 8 supply 
troughs. Eventually, when the new 
outfall works have been constructed on 
a site to the west of the beds, the pri- 
mary supply will be fed from that side 
via the distribution chamber. In the 
meantime, this chamber will be used 
only for supply of settled effluent from 
the primary filters to those operating 
as secondary. Design details for the 
Block A installation are as follows: 
Flow (m.g.d.): 
Average 14.4 
Max. at double filtration 21.6 
Max. at single filtration 43.2 
Volume of medium (eu. yd.) 86,000 
Volume of medium (acre-ft.) 53.3 
Loading: 
Primary bed (g.p.d./eu. yd.) 334 
Primary bed (lb. B.O.D./acre-ft./day) 1,130 
Over-all (g.p.d./eu. yd.) 167 
Over-all (lb. B.O.D./acre-ft./day ) 565 


IIumus Tanks 


As the existing humus tanks are 
overloaded, new tanks are being pro- 
vided for both primary and secondary 
effluents. 

The four new tanks are to be radial 
flow circular tanks, 80 ft. inside di- 
ameter, with a continuous peripheral 
weir, an 8-ft. vertical wall, floor slop- 
ing at 20° to the horizontal and central 
sludge pocket 10 ft. in diameter at the 
top, 2 ft. 6 in. in diameter at the 
bottom, and 7 ft. 6 in. deep. The 
supply will be by a 33-in. diameter 
cast-iron main laid under the floor and 
carried up centrally to discharge at a 
point 6 in. below the water level. The 
inflow will be diverted downwards by 
a circular baffle 13 ft. 6 in. in diameter 
and extending 5 ft. 6 in. below water 
level. The floor of the tank will be 
continuously swept by four blades sup- 
ported by an 80-ft. diameter rack 
driven by 1.75-hp. electric motor. 
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The rollers carrying the rack will be 
supported on cantilever brackets from 
the tank wall, thereby making it pos- 
sible to sweep the weirs and effluent 
channel with blades carried out from 
the vertical members of the scraper 
mechanism. The sludge will be dis- 
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charged under hydrostatic head from 
the sludge pocket of each tank through 
a 15-in. diameter main to an inspection 
and gaging chamber, from which it will 
flow to the sludge well and pumphouse. 
Provision is made for by-passing the 
inspection chamber so that the pump 
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can draw directly from the tank. The 
humus tanks are designed for a maxi- 
mum upward velocity of 8 ft. per hour. 


Humus Sludge and Top-Water Pump- 
house 


The sludge pumphouse is a _rein- 
forced concrete structure integral with 
the sludge well. It is of such depth 
that the pumps are below working 
sludge level in the well. It is large 
enough to accommodate pumps to serve 


SEWAGE AND INDUSTRIAL WASTES 


April, 1951 


eight tanks; only those required for 
four tanks will be installed in the 
first instance. The pumps are to be 
of the horizontal spindle, center inlet 
centrifugal type directly coupled to 
electric motors. The present installa- 
tion is to consist of one 8-in. manually 
controlled, variable speed pump for top 
water; one 8-in. manually controlled, 
variable speed pump for top water or 
sludge; and one 8-in. float controlled, 
variable speed pump for sludge. Each 
will have a capacity of 1,000 to 500 
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FIGURE 4.—Sludge and top-water pumphouse. 
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FIGURE 5.—Returned effluent pumphouse. 


g.p.m. It is anticipated that sludge 
will be withdrawn continuosuly. 


Return Effivent Pumphouse and Well 


The effluent from the two primary 
humus tanks will flow by gravity to the 
return effluent well, from which a 


siphon overflow will discharge to the 
main effluent channel. The pumphouse 
basement will be integral with the well 
(Figure 5), but will have the north 
end built up in precast beams to fa- 
cilitate future extensions, the present 
structure being designed to accommo- 
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date pumps for only three of the six 
blocks of beds. 

At first there will be only one 24-in. 
float-controlled, variable speed pump 
of capacity varying from 15,000 to 
3,000 g.p.m. No stand-by pump is be- 
ing provided, as in times of emergency 
single filtration can be operated satis- 
factorily for the limited periods re- 
quired to replace the pump assembly, 
of which a spare will be held in the 
Board’s stores. 

Power 

Power for the distributors, scrapers, 
and all pumps will be taken from the 
private power loop supplied from the 
Board’s existing generating station at 
Saltley, until new digestion tanks and 
a new generating station are con- 
structed as part of the proposed new 
works at Minworth. The speed varia- 
tion of the 35-hp. a.e. motors for the 
sludge pumps will be effected by rotor 
resistance, but for the return effluent 
pump a mercury are rectifier will be 
used to supply the 180-hp. variable 
speed d.c. motor. 


Metering and Operation 


As meters will be required for the 
primary and secondary flow to each 
of the eight beds and as the available 
head on the supply system from the 
east end of the bed is strictly limited, 


it was decided to install a Venturi 
flume in each of the eight bed effluent 
channels. <A direct-reading float-oper- 
ated indicator will be sited at each 
flume. These will transmit the rate of 
flow to the main instrument panel, on 
which will be remote indicators, with 
both a primary and a secondary re- 
corder and integrator to each flume. 
The panel will also house push-button 
controls for the eight 21-in. supply 
valves, the two 45-in. return effluent 
valves, and the gate in the effluent 
control chamber. When a bed is op- 
erating as primary stage, the ‘‘pri- 
mary’’ recorder and integrator will be 
functioning. When the bed operation 
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is changed to secondary, a control 
switch will cut out the ‘‘primary’’ in- 
struments and bring in the ‘‘second- 
ary.’’ Primary and secondary re- 
corders will both register on the same 
chart to left and right, respectively, of 
the center line, so that the chart will 
be a complete record of the bed opera- 
tion. The integrators will give sepa- 
rate totals for the volumes treated on 
the bed while operating as primary 
and as secondary stages. During pe- 
riods of single filtration the instru- 
ments will record as for ‘‘primary’’ 
stage. 

The effluent from each block of four 
beds will be led by independent mains 
to the effluent control chamber where 
it will be diverted to the appropriate 
pair of humus tanks. From the two 
primary humus tanks the effluent will 
flow to the return effluent pump well, 
from which it will be delivered by 
pump to the appropriate distribution 
chamber. Four &8-ft. weirs in each of 
the two distribution chambers will in- 
sure equal distribution to the four sup- 
ply troughs on the beds. 

The two secondary humus tanks will 
discharge directly to the main effluent 
conduit. 

The capacity of the return effluent 
pump will be adjusted to the sewage 
flow automatically by the float control 
up to the maximum rate of 114 times 
the average flow. When the rate of 
flow increases above this, the float con- 
trol will put the pump out of operation, 
and sound a warning bell to the at- 
tendant. As the pump well fills, the 
siphon overflow will come into opera- 
tion and the settled bed effluent will 
pass to the main effluent conduit. The 
four supply valves on what were the 
secondary beds will be opened and the. 
plant will then operate on single filtra- 
tion. 

When a falling rate of flow reaches 
1% times the dry weather flow the 
meters will operate a minimum flow 
alarm. The four supply valves will 
then be shut and the return effluent 
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FIGURE 6.—General view of humus tank installation under construction. 


pump brought into operation manu- 
ally; the system will thereby revert to 
double filtration. 

One consideration in the design of 
an alternating double filtration plant 
on the seale of the Birmingham instal- 
lation, is the attendance involved in the 
operation of a number of large valves 
at least once every 24 hr. This diffi- 
culty has been met partly by the obvi- 
ous, but expensive, provision of elec- 
trically operated valves, and partly by 
the gate device in the effluent control 
chamber, known as the Zboinski cham- 
ber after the staff member who intro- 
duced the idea. 

This chamber takes the place of four 
39-in. diameter valves. In essentials 
it is circular in plan with four pipe 
connections equally spaced around the 
circumference. Two opposite connec- 
tions supply effluent from the ‘‘north”’ 
and ‘‘south’’ blocks, respectively, and 
the other two deliver to the primary 
and secondary humus tanks, respec- 
tively. By suitable positioning of a 
gate rotating about the axis of the 
chamber the effluent from the north 
block can be directed to either the 
primary or secondary humus tanks, and 
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that from the south block will then be 
directed to its corresponding tanks. 

Complete automatic control was se- 
riously considered. Although very at- 
tractive in theory, in other applica- 
tions it has not proved to be so in 
practice. Consequently, it was not 
adopted for this installation. 


Discussion 


That alternating double filtration is 
most suitable for the conditions at the 
Board’s Minworth works is a conviction 
based on extensive experimental evi- 
dence and continuous operational ex- 
perience over a period of 12 years. 

Recirculation has much to recom- 
mend it: it requires less attention, is 
simpler in operation, and a little lower 
in capital cost. At Minworth, however, 
filters operating on recirculation do not 
maintain as good a condition as those 
on alternating double filtration. 

Mechanical aeration processes are 
possible either as complete or partial 
treatment plants. Experiments have 
proved that the Minworth sewage can 
be treated to give a satisfactory efflu- 
ent, but the period for aeration is 
considerably prolonged beyond the 
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Raw sewage 
Settled sewage to filters 


Primary filter effluent: ! 
Shaken 


Settled 10 to 


Secondary filter effluent: 
Shaken 
Settled 


35 to 
10 to 


TABLE I.—Typical Analyses (p.p.m.) 


| 
Susp. Solids | B.O.D. 
| 


Design expectation. 


normal. Partial treatment has been 
usefully employed for many years by 
the Board but this method, particularly 
at the Yardley works, has shown itself 
to be susceptible to damage from 
flushes of acid and metallic trade 
wastes. Furthermore, it been 
proved that the total annual cost of 
either system would be greater than 
for the system which will be adopted 
using existing filter beds. 

The large volume of industrial efflu- 
ents from the metal industries gives 
rise to particular problems in treating 
the Minworth sewage. Out of seventy- 
six requests received from manufac- 
turers for permission to discharge in- 
dustrial effluents into the sewers, sixty- 
two were from processes involving the 
use of mineral acids, eyanides, chromi- 
um, copper, nickel, or cadmium salts. 

From the typical analyses (Table 
I), it will be noted that the B.O.D. of 
the Minworth tank effluent supplied to 
the filters is not high. This, however, 
is no indication of its treatability. 

The small works of the 
Board receives a sewage that is almost 


3arston 


entirely domestic in origin. This sew- 
age often has a B.O.D. not differing 
greatly from that of the main flow of 
sewage, which is eventually treated at 
Minworth works. An effluent of first- 
class quality is obtained from the filters 
at Barston with a dosage of 120 ¢.p.d. 
per cubic yard, whereas from the filters 
at the Minworth works an inferior efflu- 
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Oxidized 
Nitrogen 


Ammoniacal 
Nitrogen 


Oxygen 
Absorbed | 


190 40 
100 


| 


ent is obtained at a dosage of only 60 
g.p.d. per cubie yard. 

A significant figure seems to be the 
ratio of the B.O.D. to the oxygen ab- 
sorbed from acid permanganate in 4 
hr. at 27° C. 

For the Barston sewage this ratio 
is about 4:1, but in the raw sewage, 
which is later treated at Minworth, the 
ratio is about 2:1. The permanganate 
figure is thus a partial measure of the 
strength of industrial effluents, but 
there may be present in the sewage 
other inhibiting substances not meas- 
ured by the ordinary methods of analy- 
sis. 

With single filtration at Minworth 
the factor limiting the rate of treat- 
ment is the accumulation of fibrous 
growth on the surface of the filter. 
With alternating double filtration this 
growth develops on the primary bed, 
even with the relatively high rate of 
application. However, when the filter 
is used for the secondary stage, growth 
is arrested and disintegration occurs. 

The experiments indicated that with 
alternating double filtration the dis- 
charge of humus sludge is uniform 
throughout the year and there is not 
the spring discharge so characteristic 
of conventional single filtration plants. 
Also, over a 12-month period the weight 
of humus discharged, per million gal- 
lons of sewage treated, was slightly 
greater from the double filters than 
from the single filters. 
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Stress has been laid on the fact that 
for satisfactory operation of alternat- 
ing double filtration a critical degree 
of purification must be obtained in the 
primary treatment so that the second- 
ary beds may receive a liquor which 
will starve and scour the fibrous growth 
rather than feed it. It appears that at 
Minworth the primary effluent should 
have a B.O.D. of less than 40 p.p.m. 

The design of the plant has been ear- 
ried out entirely by the engineer’s staff 
and is the result of very whole-hearted 
cooperation of civil, electrical and me- 
chanical engineers; chemists; and the 
outside staff, who will eventually have 
the operation of the plant. 

The construction work is being ear- 
ried out by direct labor. Had the 
requisite labor been available the plant 
would have been already in full opera- 
tion, but, with the limited foree, prog- 
ress is slow. The development program 
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of the Board is now many years in 
arrears. As each section of the work 
is completed it will be brought into 
immediate use. Thus, provision is be- 
ing made to bring the humus tanks, 
now nearing completion (Figure 6), 
into use for the betterment of the gen- 
eral effluent, as it will be some time 
before the conversion of the bacteria 
beds is complete. 
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DISCUSSION 


By E. SHermMan CHASE 


Partner, Metcalf and Eddy, Consulting Engineers, Boston, Mass. 


It is particularly pleasing to discuss 
Mr. Daviss’s paper for personal as 
well as professional reasons. Years 
ago the writer carried on somewhat lim- 
ited correspondence with the late John 
D. Watson, then chief engineer of the 
Board, regarding trickling filter operat- 
ing experiences. Subsequently, an op- 
portunity was afforded to visit the 
Birmingham works at the time when 


the late Mr. Whitehead was chief engi- 
neer. 

Mr. Daviss’s paper is of definite in- 
terest in the United States, because it 
describes a method of operating trick- 
ling filters not as yet adopted anywhere 
in this country so far as is known. Al- 
though two-stage filters using reciren- 
lation and without alternate operation 
as primary and secondary units are 
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in use. The advantages of this alternate 
function appear to be in the prevention 
of overdevelopment of filter slimes, the 
continuous unloading of the filters, and 
the uniform loading of the humus 
tanks. 

Another advantage, in the case of 
sewage carrying large amounts of in- 
dustrial wastes, as at Birmingham, 
seems to be the shock absorbing effect 
of the primary filter as with any two- 
stage process, but with the opportunity 
for the shocked filter to be given a 
chance to recuperate. In this connec- 
tion it is interesting to note that the 
thinking at Birmingham has appar- 
ently come around to the view that 
trickling filters are better than bio- 
flocculation for absorbing the shock 
from heavy concentrations of industrial 
wastes. This present thinking is more 
in line with German and American 
viewpoints than with that of Mr. White- 
head when he installed the bio-floccula- 
tion units ahead of the old trickling 
filters. 

The B.O.D. loading for which the 
new Birmingham filters are designed is 
low compared with the loadings used 
in the United States with high-rate fil- 
ters using recirculation. The loading 
is, however, comparable with standard- 
rate filter loadings here. It should be 
noted that the Birmingham sewage is 
stronger than most American sewages 
and that the final effluent is expected 
to be highly nitrified and to have not 
over 20 p.p.m. of B.O.D. Furthermore, 
the industrial wastes factor at Birm- 
ingham must not be overlooked. 
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The question comes up as to whether 
the anticipated high nitrate content of 
the effluent is likely to produce ob- 
jectionably luxuriant growth of micro- 
seopie organisms and aquatic plants in 
the receiving stream. Sometimes it 
doesn’t pay to produce too good an 
effluent, as was evidenced at Brockton, 
Mass., where a well-purified effluent so 
stimulated aquatic growths as to choke 
the receiving brook, resulting in law- 
suits and substantial damage payments 
to lower riparian owners. 

One criticism that ean be made of 
the old Minworth filters relates to the 
poor distribution effected by the fixed 
spray nozzles on some of the beds. 
Photographs taken in the summer of 
1950 eonfirm the writer’s recollection 
that the beds provided with fixed 
nozzles are dosed very inefficiently. 
On the other hand, it was observed 
that the humus tanks with the central 
feed as described, produce excellent 
clarification. 

In conclusion it is desired to empha- 
size the large scale of the experimental 
tests and the long period of time over 
which they were conducted. Too fre- 
quently pilot plants have to be oper- 
ated on very small scales and for much 
too short periods of time. The results 
from such large-scale and long con- 
tinued experimental tests, as carried 
out at Birmingham, can be applied by 
the designing engineer with a com- 
fortable feeling of assurance that the 
completed plant will function as 
planned. 
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DESIGN OF SEWAGE PUMPING STATIONS * 


By RicHarp R. KENNEDY 


Partner, Engincering Office of Clyde C. Kennedy, San Francisco, Calif. 


This paper presents some of the 
problems involved in the rational de- 
sign of a sewage pumping station, to- 
gether with some of the special re- 
quirements or design features found 
to give a properly functioning and 
easily operated sewage pumping sta- 
tion. 

Nearly every present sewerage sys- 
tem development or improvement in- 
volves sewage pumping. This is par- 
ticularly true in the West Coast area. 

Historically, most of the major cities 
of the Pacific Coast were originally 
settled in areas adjacent to ocean trans- 
portation. As the cities developed the 
drainage systems and, later, sewerage 
systems were installed so that the dis- 
charge from these systems was into 
the nearest salt-water basin. With the 
growth of the cities, additional outlets 
or points of discharge were installed as 
required. The topography of the area 
is generally favorable to such a system 
of development. 

With the present rapid increase in 
population throughout the Pacific 
Coast area, the discharge of raw sew- 
age to the ocean, bays, and rivers is no 
longer being tolerated. The collection 
of multiple outfalls by intercepting 
trunk lines to convey the sewage to 
central locations for treatment gener- 
ally requires the installation of addi- 
tional pumping stations. Much of the 
development in the immediate postwar 
period has been in the so-called low-cost 
housing field constructed by speculative 
builders. 


* Presented at 23rd Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes As- 
sociations; Washington, D. C.; October 9-12, 
1950. 
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The land incorporated in such a 
project is completely developed within 
a few months time, so that a whole 
community comes into being seemingly 
overnight. The land chosen for the 
development is usually selected because 
there is a satisfactory area of unde- 
veloped property available. This prop- 
erty is always beyond a developed sew- 
erage system and generally outside a 
developed sewerage system drainage 
area. In the San Francisco Bay area, 
many housing developments are _lo- 
cated on lands adjacent to the Bay. 
Many of the areas have required filling 
to bring the ground surface above high 
tide level. 

In discussing sewage and sewage 
treatment with the layman, use is quite 
often made of the definition of sewage 
as ‘‘the water-borne wastes of a com- 
munity which, under average condi- 
tions in this country, contains 99.8 per 
cent water, with 0.2 per cent of min- 
eral and organic wastes requiring treat- 
ment.’’? Whereas, in theory, sewage 
pumping should be no more difficult 
than any other water pumping problem, 
those who have had any experience with 
sewage works know that although the 
percentage of contaminant is small, the 
problems in handling sewage are mani- 
fold. Sewage differs from a water sup- 
ply physically, biologically, and chemi- 
cally—physically due to floating and 
suspended material of small to large 
size; biologically due to the organic 
wastes, most of which are highly 
putrescible; chemically due to the or- 
ganic and mineral wastes in solution. 

Sewage pumping stations are ex- 
pensive to construct and operate. It 
is, therefore, important to construct a 
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sewerage system to reduce the volume 
of sewage to be pumped to a mini- 
mum or to combine the pumping sta- 
tions for maximum economy in 
construction cost or operation. 


Location 

The first consideration in the design 
of a sewage pumping station is its lo- 
cation in the flow layout of the system. 
The station may be a small unit serv- 
ing a very limited drainage area 
where the sewers have become too deep 
for economical construction, or the lo- 
cation may be fixed to take the sewage 
from a local drainage area into the 
mains flowing in some other direction. 
The flows to be cared for and the pump 
heads for such a plant usually consti- 
tute a simple problem. The main con- 
sideration for such a pumping plant is 
freedom from maintenance problems 
and low cost of construction. It is 
sometimes possible to extend the grav- 
ity mains from the system receiving 
the flow from sucha plant at a shallower 
depth than would be acceptable for 
house service in order that the pump 
lines from the pump discharge can be 
as short as possible. Because the 
sewage deteriorates rapidly in closed 
pressure pipe, it is very important to 
keep pump discharge lines short. This 
is particulary important in small sta- 
tions where there may be long periods 
during the low flow time when sewage 
may not be flowing in the pipes. 

If the pump station is constructed 
in connection with the treatment plant 
it may have several locations within 
the flow layout. It may be at the head 
end of the plant as the sewage first 
arrives; it may be installed following 
grit removal; or between any of the 
subsequent treatment units. 

Assuming that a treatment plant will 
require pumping of the sewage some- 
where within its operation, many prob- 
lems can be avoided by selection of the 
location of the pumping units in the 
flow layout. The pump location must 
be selected in conjunction with the ar- 
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rangement of structures and after 
careful consideration of excavation 
costs and drainage problems involved 
in the other treatment plant units. 

If the pumping is done after sedi- 
mentation the problem of pump stop- 
page from refuse and the problem of 
floating grease or other materials will 
be greatly reduced. The peaks of flow 
to be cared for by the pumping units 
will be leveled out to a considerable 
degree if preceded by sedimentation. 

If the pumps are installed following 
grit removal the problem of grit wear 
on the pumps and settlement in the 
pump sumps has been eliminated ; how- 
ever, there is still the problem of float- 
ing materials and fluctuation of flow to 
be considered. 

If the pumps are installed as the 
first unit in the treatment plant ar- 
rangement, all of the problems involved 
in sewage pumping present; 
namely, grit being carried in the sewage 
flow, floating material on the surface, 
and the possibility of large-size refuse 
that might cause pump stoppage. 


Quantity and Head 


After the pumping station is located 
in relation to the flow sheet, it is pos- 
sible to set up the head to be met and 
the quantity of sewage flow that must 
be eared for, based on the assumed de- 
sign requirements for the plant or sys- 
tem. The pumping station should be 
considered as a unit of the sewage 
collection system and should be de- 
signed to take care of the maximum 
expected flows of the pipe system. This 
does not mean that it must necessarily 
all be constructed initially, but it 
should be planned so that future ex- 
pansion may be made. The present 
minimum flows should be fully deter- 
mined. The present maximum flows, 
for which immediate provision must 
be made, should be estimated as ac- 
curately as possible. For a_ small 
pumping station the storage capacity 
in the sumps depends on the inflow 
during periods of low flow. The sumps 
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should have storage capacity sufficient 
to operate one pump for a period of at 
least 10 minutes. As the size of the 
plant increases it is possible to reduce 
the pump storage in terms of flow pe- 
riods so that one pump will operate 
continuously and additional units will 
go into operation as the flow increases. 

In conjunction with the total quanti- 
ties to be pumped, it is necessary to 
determine the elevation at which the 
sewage will be discharged. In the ease 
of a discharge to a plant structure the 
discharge elevation is usually very con- 
stant. However, if the discharge is into 
a tidal body of water, or into water 
subject to flood conditions, the variation 
in water surface may be considerable. 
It is well to have in mind that sewage 
pumping stations operate at compara- 
tively low heads and any appreciable 
variation in the inlet elevation or dis- 
charge elevation will materially change 
the head conditions for which a pump 
may have been selected and, as a con- 
sequence, the discharge of the pumping 
unit will be materially affected. 


Types of Pumps 


In most pumping problems the selec- 
tion of pumping units is a simple mat- 
ter after the head and quantity have 
been determined. However, in sewage 
pumping stations the selection of the 
pumps is a problem even after the de- 
termination of the quantity and head 
conditions. 

Manufacturers have developed spe- 
cial centrifugal pumps for sewage 
pumping. The special features include 
open or specially shaped impellers to 
provide non-clog characteristics, clean- 
out openings, slow speed, and grit and 
corrosion resistant construction. Set- 
ting forth and discussing detail specifi- 
cations for sewage pumps is a subject 
for an entire paper and beyond the 
scope of this presentation. 

Sewage treatment plants or pumping 
stations receive the wastes of the com- 
munity when and as they occur. An 
ideal pumping setup would be so ar- 
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ranged that the quantity of discharge 
would vary in direct relationship to the 
inflow of the pump sump. There have 
been many devices and arrangeménts 
developed or installed in an attempt 
to meet this requirement. Installa- 
tions have incorporated variable speed 
pumps, in which the speed of the pump 
is increased in order to give a direct in- 
crease in pump discharge. Various 
means of regulating the speed of the 
pump drive units have been employed. 
A recent development has been the use 
of variable pitch propeller-type pumps 
for large installations. In the variable 
speed pumping field use has been made 
of variable speed electric motors, elec- 
trie motors with vari-drive units, and 
gas engine units. These have given 
satisfactory service in small installa- 
tions, but require considerable main- 
tenance and adjustment of the speed 
regulating controls to keep them in ac- 
ceptable working order. From our ex- 
perience it is not possible to have fully 
reliable automatic speed control units 
on variable speed pumping. Because 
of the difficulty in control of the vari- 
able speed pumping, most of the pump- 
ing station installations have used mul- 
tiple pumps, which give step operation 
approximating the flow curve. 


Number of Pumps 


One of the important determinations 
is the number of pump units to be 
provided. Normally, we have found 
that four pumps will handle the range 
of flows that might be encountered be- 
tween minimum and maximum. In a 
pumping station for normal domestic 
sewage all four units can be of the 
same size. This permits maximum 
flexibility, in that any one unit may 
be in service or held for stand-by. 
However, in stations where large storm 
or industrial flows might oceur it is 
sometimes necessary to have pumps of 
different capacity, with a definite 
schedule at which the various pumps 
will go into operation. This, however, 
has the disadvantage that the small 
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pumps run almost continuously and the 
large pumps are used during short pe- 
riods of the day or, at times, for short 
seasons during the year. An example 
of pump selection is shown in Figures 
l and 2. Figure 1, a plot of head vs. 
discharge used in selecting a specific 
10-m.g.d. pump, shows the effects of 
variation of head on the pump dis- 
charge. A similar plot was made to 
select a specific 20-m.g.d. pump. Fig- 
ure 2 is a pumping program for two 
10-m.g.d. and two 20-m.g.d. pumps at 
30-ft. total dynamic head. In this ex- 
ample, the pumps selected are capable 
of delivering 70 m.g.d. under low head 
conditions, instead of the nominal 60 
m.g.d. 

As suggested before, a pump station 
serving a main trunk sewer or at the 
headworks of a sewage treatment plant 
should be designed for the anticipated 
ultimate capacity of the sewer system. 
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This would mean that except for un- 
foreseen developments there would be 
no structural change in these units 
after they were once put into service. 
However, the financing available would 
be a determining factor as to how many 
of the pump units would be installed 
in the original construction. If the 
flow is considerably below that ex- 
pected, it would be quite proper to 
defer the installation of a pump with 
proper provision made for its installa- 
tion at some future time. It is also 
possible, as has been done in some 
designs with which the author has had 
experience, to select pumps with case 
size such that a new impeller can be 
installed at a later date, thereby in- 
creasing the discharge. This would 
also involve a new motor drive unit, 
but it eliminates any future piping 
changes during a change-over period. 

An item also concerned in the selec- 
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Specification: 


total dynamic head 
600 rpm," 


‘"e+-capacity to discharge 7,000 gpm at a 30 
foot total dynamic head and 12,000 gpm at a 10 foot 
---75 hp motor not to exceed 
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FIGURE 1.—Head-discharge curves for selection of 10-m.g.d. pumps used in Figure 2. 
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FIGURE 2.—Pumping program for 30-ft. lift station containing two 10-m.g.d. and 
two 20-m.g.d. pumps. 


tion of a pumping unit is the selection 
of the pump drive. Normally, modern 
sewage pumping units are driven by 
electric motors, although it is possible 
to use Diesel engines, sewage gas en- 
gines, or, as in some of the large eastern 
plants, steam-turbine drives. The 
writer feels that electric motor drives 
are the best all-around units to install. 
They can be controlled and adapted to 
installations in the pumping structure 
more easily than a Diesel engine or a 
gas engine drive unit. With the advent 
of the dual-fuel, Diesel-gas engines, it 
appears that these units would be the 
best method of utilizing sewage diges- 


tion gas for the generation of power, 
with this power applied to electric mo- 
tors, which are easily controlled with 
standard electrical equipment. How- 
ever, it would be well to bear in mind 
that in the installation of electric gen- 
erating units to provide power for sew- 
age pumps they must be properly sized 
to take care of the maximum load that 
may come on them from starting con- 
ditions. 


Pump Arrangement 


Selection of the pump arrangement 
is a matter of personal preference with 
Most of the pumps of 


the designer. 
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FIGURE 3.—Multiple horizontal pump installation. 


Note ample work space, access stairs 


with handrail (in background), and ventilation ducts (upper left). 


standard manufacture can be obtained 
in many different arrangements. It is 
possible to install them as horizontal 
units, vertical with motor directly 
above, or vertical with extended shaft 
and drive unit on a floor above. The 
horizontal pump arrangement is_be- 
lieved to have a little advantage in that 
it is easier to align on a unit base (see 
Figure 3) It presents a little more 
workable installation as far as main- 
tenance operations are concerned. On 
most horizontal pump installations a 
split case unit will allow ready dis- 
assembly for cleaning or maintenance 
of bearings and impellers. The verti- 
cal pumps, either close-coupled or with 
the extended shaft, have an advantage 
in that they require less sump room 
for the same working clearances and 
are very definitely advantageous where 
a deep sump must be constructed in 
difficult ground. The main reason for 
using a vertical pump with extended 
shaft is to place the electric motor 
drive units possibility of 
flooding. In some installations, the 


above any 


extended shaft has presented problems 
in proper alignment. In several instal- 
lations the writer’s organization has 
used enclosed shafts comparable to the 
shafting used on water well turbine 
pumps. These have given very satis- 
factory service when properly installed. 


Additional Design Hints 


The location of the pumps in the 
flow layout, the determination of the 
capacity and head to be met, and the 
selection of the pumping units both in 
capacity and number are the basic con- 
siderations required for a pumping sta- 


tion. However, satisfactory operation 
of a sewage pumping station depends to 
a large degree on the design features 
incorporated in the final installation 
beyond proper determination of the 
basie design items noted above. Some 
of the items noted hereafter should 
prove of interest and value to design- 
ers working on future sewage pumping 
stations and might be described as de- 
sign hints worth passing along. 
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Small Stations 


A universal problem is to design 
small sewage pumping stations at as 
reasonable a cost as possible. We have 
designed several in the immediate post- 
war period that were thought to be 
simple and economical to construct. 
Ilowever, the bid prices for construe- 
tion of what were thought to be simple 
pumping units were disappointing. In 
one small sewage collecting system re- 
quiring two pumping stations and 
where available funds were very lim- 
ited, it was finally decided to modify 
the original pump station entrance 
manhole to provide an emergency wet- 
pit pump installation. These have op- 
erated quite successfully. 

In other recent installations, small 
local area pump lifts have been de- 
signed using a wet-pit submerged verti- 
cal pump. These consist essentially of 
an oversized manhole with a slab con- 
taining a manhole opening, in which is 
suspended a vertical non-clog sewage 
pump with the motor resting on top of 
the manhole frame. This arrangement 
includes a small ‘‘doghouse’’ type mo- 
tor cover, which can be easily removed 
except for a fixed side, on which the 
electrical controls are mounted (see 
Figure 4). An easily connected, above- 
ground pump discharge and easily dis- 
connected electric motor power service 
have been provided so that in case of 
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a pump stoppage the discharge line and 
power service are disconnected and the 
pump lifted out by means of a garage 
tow truck hoist or a small A-frame. 
Recent installations of this type have 
used the new Fairbanks-Morse blade- 
less impeller and have given excellent 
results. 

Another désign that has been used 
in an attempt to reduce costs has two 
adjacent sections of precast concrete 
pipe units placed vertically with con- 
necting piping cut between one unit 
acting as a wet well and the other as 
a dry-pit pump structure. This design 
eliminates form costs, which seem to 
be running far beyond prewar price 
ranges. This type of construction per- 
mits a complete underground pumping 
unit that can be located beside the 
road or parkway (see Figure 5). 

Neither of these designs can be reec- 
ommended as ideal from a maintenance 
standpoint, but they have provided 
sewage pumping facilities for a very 
low cost. In small pumping stations 
where funds are available several small 
wet and dry sump type units using the 
Flush-Kleen system of the Chicago 
Pump Company have been installed. 
These have given excellent results with 
a minimum of maintenance problems. 
In this type of dual pump installation 
the wet pit is to take care of the liquid 
only, as the solids are strained out by 


removable house. 
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a special strainer as the sewage flows 
into the sump through one pump and 
are flushed back by the pump when it 
operates on its alternating cycle with- 
out any likelihood of causing pump 
stoppage. 


Debris Screens 


In larger pumping stations, consid- 
erable thought should be given to the 


FIGURE 5.—Small capacity pump sta- 
tion for underground installation using pre- 
cast concrete pipe units, showing: (a) Ac- 
cess covers. (b) Pump and ventilator 
arrangement. (c) Electrical controls. 
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FIGURE 6.—Concrete ogee on inlet to 


sump to prevent splash, odor liberation, 
and excessive turbulence. 


arrangement, particularly with regard 
to ease of maintenance and operation. 
With the larger sewers coming into the 
plant there is the possibility of coarse 
solids entering the sump that would 
cause pump stoppage. Primary pump 
protection can most easily be provided 
by hand cleaned bar racks with 3-in. 
to 4-in. spacing between the bars. See- 
ondary pump protection can be pro- 
vided by fine bar screens, either hand 
or mechanically cleaned, or by com- 
minutors or similar screenings grind- 
ers. The comminutors give the best 
performance with the least daily oper- 
ating care. On large installations a 
mechanically cleaned bar screen with 
separate screenings grinder gives a 
more economical installation. All of 
these screens or grinders need regular 
operating care. They should be easily 
accessible and have adequate work plat- 
forms around them. 


Inlet Channels and Sumps 


Inlet channels into the sewage sump 


should be checked hydraulically to 
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FIGURE 7.—Stairs with handrail replace hazardous manhole-and-ladder access to wet pit. 


make sure that they will flow into the 
sump with a minimum of liquid dis- 
turbance. If there is an appreciable 
drop during low sump level an ogee 
section should be installed to bring the 
water from the pipe invert down to 
the low level inside the sump’ (see Fig- 
ure 6). <A waterfall generates water 
spray and may liberate objectionable 
odors. 

If the pumping station cannot be by- 
passed during periods when necessary 
for sump cleanout or pump main- 
tenance it would be well to provide a 
two-unit wet sump. With this arrange- 
ment either could be used during short 
periods while the other side is out of 
service. If an emergency by-pass is 
available this provision can be elimi- 
nated. 

It is felt that the wet sump side of 
a pumping station is as much an oper- 
ating unit as a sedimentation tank in a 
treatment plant. As such we have pro- 
vided easy access to this part of the 
structure. The old type sewage sumps 
provided manhole steps into a deep 
dark hole. These were extremely haz- 
ardous to the operator and were very 
seldom entered except under direst 
emergencies. The design of many West 
Coast plants has provided for easy stair 
access to the wet sump (see Figure 7). 
Also, landings and platforms a short 


distance above the normal sump operat- 
ing level have been provided so that the 
operator can wash down the sump sides 
and knock down accumulated scum and 
floating materials (Figure 8). In addi- 
tion to this, we have provided a method 
of skimming the wet sump. This has 
involved the installation of a_ bell 
mouth, facing upward, connected into 
the suction side of one pump. The op- 
eration of this skimming device is con- 


motor control 


FIGURE 8.—Railed operating platform 
in wet pit facilitates washdown and sump 
skimming. Hose for washdown is con- 
veniently placed on wall to left of motor 
control. 
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trolled by double-valving or by a three- 
way plug valve on the pump suction 
to provide the alternate suction inlets. 
The single pump with the sump skim- 
mer arrangement on it is manually con- 
trolled during the skimming operation 
by an alternate switch adjacent to the 
walkway in the wet pit. With a little 
experience an operator can gage the 
time of day when he can get the most 
effective skimming by using the manu- 
ally controlled pump, together with 
other necessary sewage pumps, to skim 
off the surface of the sump as required. 


Ventilation 


One of the most important items in 
connection with modern sewage pump- 
ing station design is the provision of 
adequate ventilation. Ventilation is re- 
quired in both the wet pit and the dry 
pit inside of the station. 

Adequate ventilation in the wet 
sump can keep the air clean and fresh. 
It removes all objectionable odors as 
they originate and also prevents ac- 
cumulation of any dangerous concen- 
tration of gasoline vapors. Proper ven- 
tilation makes a potentially dangerous 
area safe. Experience has shown that, 
generally, a 3-min. displacement air 
change is sufficient to keep this section 
properly ventilated. However, it is 
necessary to give proper consideration 
to the distribution and mixing of the 
air, as well as its straight removal. 
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In one installation the mistake was made 
of drawing the air in through the inlet 
channel. This area was supersaturated 
with water vapor, which caused exces- 
sive condensation in portions of the 
sump away from the ventilation outlet 
pipe. Ventilation of the dry-pit section 
where the pumps are located is neces- 
sary to keep a fresh air condition. It 
also aids in preventing any condensa- 
tion of moisture around the suction or 
discharging piping. 


Electrical Controls 


Brief mention should be made of the 
controls included with normal electric 
pumping units. The writer does not 
favor providing elaborate recording or 
indicating instruments that will not 
be used except for a research project. 
Nevertheless, a very necessary and use- 
able item for all pumping stations is a 
time clock to show the time which each 
pump operates. This is invaluable in 
a program control where the different 
pumps can be put in the first operating 
position and it is desired to balance 
the operating time of the various units. 

Several installations of floatless wa- 
ter level controls have been tried. They 
become coated with grease layers and 
are difficult to maintain and service. 
On the basis of this experience it is 
concluded that a standard float with 
multiple contacts still seems to be the 
best all-around unit. 


DISCUSSION 


By Grant M. OLEWILER 


Superintendent, Sanitary Drainage, Lower Merion Township, Ardmore, Pa. 


Mr. Kennedy’s paper seemingly 
contemplates small lift stations de- 
signed to avoid excessive depths of 
sewers in flat country; lifting of sew- 
age from an interceptor to the oper- 
ating level of a treatment plant; or 
consolidation of several drainage 
areas by pumping their sewage to a 
central area, evidently at a low head. 


In Lower Merion Township, Pa., there 
are a number of watersheds contiguous 
to a stream where possible pollution 
is intolerable because of the proximity 
of Philadelphia’s drinking-water in- 
takes. However, by pumping over 
a divide it is possible to use an ad- 
jacent watershed for disposal at a 
point miles below the water intakes 
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and thus eliminate the excessive ex- 
pense of long and worthless transmis- 
sion lines. In this case the heads 
greatly exceed those contemplated by 
Mr. Kennedy: the minimum is 65 
ft.; the maximum, more than 250 ft. 

The reference to the small amount 
of foreign matter contained in the 
water of the sewage is appreciated, 
but it should be pointed out that to 
try to prove this to men working on 
the sewers or in the pumping stations 
is very difficult. Their reaction is: 
‘So much trouble and work could not 
possibly come from so little material.’’ 

The author makes the point that in 
all cases the pumping station should 
be designed to take care of the ultimate 


maximum flows of the tributary pipe ~ 


system. This is open to disagreement 
unless the entire watershed is to be de- 
veloped within a very short space of 
time. One of the four stations in Lower 
Merion Township has been in operation 
more than 45 years and still carries 
less than one-half the probable ultimate 
load. Under these conditions the abil- 
ity to install larger pumps, either in 
the present building or in an exten- 
sion wing, is greatly appreciated. This 
will not apply to the pressure main, 
which must be of the maximum size 
because a nominal increase in the pipe 
size will cost very little during the 
initial installation as compared with 
the construction of a new line years 
later. 

Much has been said and written in 
advertising about the efficiencies of the 
pumping units, but in our experience 
mirror finishing of an impeller to meet 
an installation efficiency guaranty is of 
little value after the pump has oper- 
ated for six months. The abrasive 
character of the material handled soon 
destroys the finish. Because the pump 
has been accepted and the contractor 
paid, no one is willing to again stir up 
such aa fine point as the efficiency, 
especially as there are so many vari- 
ables involved and even the motor man- 
ufacturer will refuse to guarantee the 
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motor efficiency under field conditions. 

Use of variable speed pumps to keep 
the flows to treatment plant units in 
continuous proportion to the incoming 
sewage volumes does not seem to be 
a substitute for pumps of different 
capacities. This is because of the very 
poor efficiencies created when the im- 
peller speeds drop below the top of the 
design curve for the pump. This con- 
clusion, however, is based on the high 
heads encountered in the Lower Merion 
Township installations and may not 
apply to the small heads considered by 
the author. 

Because local pumping costs are in- 
fluenced materially by the maximum 
kilowatt demand measured for each 30- 
min. interval for one month, it has been 
possible to effect power savings in the 
smaller stations by installing electrical 
control clocks, which limit the pumping 
to a predetermined portion of the half 
hour. Although exceptionally stormy 
weather at times may necessitate throw- 
ing the clocks out of service, this does 
not usually happen during more than 
two or three months a year. 

Although local installations include 
both horizontal and vertical pumps, 
agreement is found with the author in 
favoring the horizontal, because of the 
ease of doing maintenance work. The 
vertical pumps created quite a prob- 
lem in maintaining bearings, although 
this has been overcome by the use of 
universal couplings on the shafting. 

In two of the original stations 
(erected in 1904) the pumps were lo- 
cated above the level of the collecting 
wells and were hand primed by the 
return of sewage from the pressure 
main to exhaust gas from the pump 
housing. Installation of vacuum 
pumps and air release valves has per- 
mitted automatic float control of this 
equipment. Except for small clearance 
in the air release valve, which requires 
periodic cleaning, and the necessity of 
replacing cotter pins in the linkage, 
the vacuum priming has been success- 
ful and is recommended for places 
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where ordinary installations are not 
,_ practical. In installations of this type 
it is extremely important that the suc- 
tion line be graded to eliminate gas de- 
posits along the top of the pipe. 

Because proper lubrication is so es- 
sential to successful maintenance, es- 
pecially when working against high 
heads, horizontal pumps should be pro- 
vided with some device to prevent sew- 
age which leaks past packing from 
following the shaft and entering the 
oil reservoirs in the pedestal bearings. 
High-pressure lubrication should also 
be provided for packing, while the 
pump is in operation, beezase no extra 
grease is needed while the shaft is at 
rest. Spring tension grease cups pro- 
tected by check valves had to be dis- 
earded in the installation mentioned 
because of the high heads, but are 
offered as a suggestion for use with 
lower heads. 

Although Mr. Kennedy suggests a 
disadvantage in the use of pumps of 
different sizes because the smaller sizes 
do almost all the work, this has proven 
to be an advantage in the Lower Mer- 
ion Township installations. Pumps 
must be rebuilt when they wear, and 
it has been found far cheaper to re- 
place the operating parts of the smaller 
pumps. Again, the electrical demand 
charge will reduce the monthly bill if 
it is possible, even for a portion of the 
year, to operate only the smaller 
pumps. 

Although not strictly a matter of 
pumping station design, it is recom- 
mended most strongly that in the in- 
stallation of any pumps the engineer 
demand and withhold payment until 
dimensional plans of the equipment 
furnished are given to the municipality. 
Experience with procurement of re- 
placement parts has established this as 
a primary necessity. 

Also strongly urged is the installa- 
tion of sufficient valves to isolate each 
pumping unit during repairs or main- 
tenance work. 

It is true that the examples given of 
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low-cost pump housing and installation 
of pumps in wet wells are cheap in 
installation cost. But what about the 
operation and maintenance costs? In 
the writer’s experience initial costs 
have been far easier to obtain than re- 
placement expense. Surely the cost of 
decent pump housing, good for the life 
of a sewer system, is a proper expense, 
which must be borne by the properties 
benefited. It should not be reduced to 
an unjustifiable minimum so that a 
group of developers may receive a 
greater return on their investment at 
the expense of those to whom they sell 
the houses, especially as these new 
owners must as citizens bear the ex- 
pense of operation, maintenance, and 
replacement. 

There would certainly be objection 
to working on the electrical controls 
of the pump station with the removable 
house during stormy weather. The 
question also arises as to what happens 
when the overload kicks out with only 
one pumping unit to depend on and 
no operator is around to start action 
to replace faulty equipment. 

Although the local installations 


handle only so-called sanitary sewage, 


a relatively large amount of street 
washings, cinders from icy roads in 
the winter, ground sereenings from as- 
phalt coating of roads in summer, and 
just plain grit from other periods, 
washes through the openings between 
manhole frames and covers, and enters 
the sewer. Soil washes through low 
fresh-air inlets on main house traps, 
and dirt and road stones gain access to 
the lines while connections are being 
made and storms overtake contractors 
before they have completed their work. 
Grit removal prior to pumping, there- 
fore, must be a primary consideration 
if the pumps are to be spared the 
unnecessary wear to all their parts 
which this abrasive material is certain 
to produce. 

Although all of the Lower Merion 
Township stations were provided with 
fine bar screens, hand raked, consider- 
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able quantities of stringy rags would 
pass the sereen either because of the 
velocity of the water through the open- 
ings or because the rakes would dis- 
lodge the underwater material. The 
trouble this by-passed material could 
create was vividly shown in one station, 
which has 4-in. two-stage pumps, when 
installation of a comminutor reduced 
almost daily packing of the pumps to 
once in three weeks, eliminated removal 
of rags from around pump shafts and 
impeller several times a day, and re- 
duced the electrical demand more than 
20 per cent. 

Although the comments on the wet 
sumps are very appropriate, our excep- 
tionally small volume of industrial 
waste, because of the strictly residen- 
tial character, plus outside location 
with good ventilation limits odors and 
provides natural light over ladder 
steps, which are located under large 
double doors. 

The author’s comments on easy stair 
access are equally adaptable to the 
means of access to dry wells housing 
pumps. Although steep spiral stair- 
ways are a trial whenever materials 
have to be carried down them, the 
writer recently was in a new pumping 
station where the steel staircase was so 
steep it could only be descended back- 
wards and an attempt to carry any- 
thing would result in a fall. 

Ample means of lifting and moving 
equipment of all types should be pro- 
vided. Although overhead tramways 
are desirable, moveable bridge truss 
hoists, such as sold to automobile repair 
shops, have been found to be very 
handy. 

Another primary requisite is suffi- 
cient tools to properly take apart all 
equipment. It should be remembered 
that it takes two wrenches to properly 
free a bolted section. Tool boards, with 
hangers for each tool and a requirement 
that tools must be replaced, have re- 
sulted in a marked reduction in the 
number of tools lost, as well as a great 
saving of time in hunting the proper 
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tools. Such a board should be painted 
a light color, with darker silhouettes of 
the various tools in their proper places. 

Along with ventilation of the pump 
rooms, proper heating and ceiling in- 
sulation also should be stressed. Since 
insulating and providing a suction ex- 
haust fan in two stations, the interiors 
are kept very comfortable in the hottest 
weather with a maximum of two 
screened windows being opened, as 
compared with the former practice of 
opening a large number of unscreened 
windows and several doors without ap- 
preciable benefit. Elimination of the 
large quantity of winged insects and 
dirt, which formerly accumulated in 
motor windings, causing them to be- 
come hot, demonstrated the value to 
the equipment as well as the relief of 
nuisances to the men. 

Electric accumulating recorders, 
which indicate the length of time each 
pump operated are also used, but it 
would be desirable for each station to 
have a daily record of the volume 
pumped and a non-recording pressure 
gage on the discharge line from each 
pump. It must be remembered that 
the Town Fathers like to hear reports 
on what has been done as a justification 
of expenditures. 

Because it was extremely difficult 
to maintain cables or chains for floats 
on water level control switches, floats 
on galvanized pipe lever arms were 
adopted. These have proven very sat- 
isfactory. 

Although the author does not men- 
tion it, to be complete the design should 
include a strong recommendation of 
the personnel necessary to properly op- 
perate and maintain any pumping sta- 
tion. With modern electrical warning 
devices and protective equipment the 
force may be reduced somewhat over 
that necessary years ago, but it must 
be remembered that every such device 
is another item to be maintained if 
it is to be depended upon in an emer- 
gency. This requires men on the job 
who understand thoroughly the use 
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and care of each piece of equipment. 
A policeman assigned to look into a 
station several times a day to see if 
he can hear the pumps running or to 
see if the fire is still burning, would 
hardly fill this requirement. 

Even if the community is exception- 
ally small, some effort should be made 
to have the equipment supervised at 
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regular intervals to detect parts which 
are not functioning properly. An ex- 
perienced maintenance mechanic or 
two, working with the regular operator, 
could then replace worn or broken 
parts. These men can also be used as 
relief men for regular operators if the 
force is too small to provide a regular 
relief man. 


MAINTENANCE AND OPERATING PRIORITIES 


Regulation 4 of the National Produe- 
tion Authority permits all business es- 
tablishments and other non-business 


institutions—large and small—to use 
an extendible DO-97 rating to obtain 
needed maintenance, repair, and oper- 
ating supplies and materials (MRO). 
It should be noted particularly that, 
with the single-band priorities system 
now in force, all orders with a priority 


rating, regardless of 
identification number, 
treatment. 

Another noteworthy feature of the 
regulation is that use of the DO-—97 
rating is not mandatory, but purely 
permissive, and that no special authori- 
zation is required for its use. However, 
if use is made of the rating, then total 
acquisition of MRO, both rated and un- 
rated, becomes subject to the quarterly 
limitations set up by Regulation 4. 


the program 
receive equal 


These quarterly quotas are figured on 
the basis of MRO purchases in 1950. 
To use the rating, the purchaser 
must show on his order or supporting 
papers the statement: ‘‘DO-97, Certi- 
fied under NPA Regulation 4,’’ with 
proper signature and identification of 
the responsible individual. Purchase 
of MRO supplies up to $1,000 per quar- 
ter requires only a record of the trans- 
actions; above $1,000 per quarter re- 
quires recording of the expense against 
the allowable MRO quota. The rating 
may be used on non-rated orders al- 
ready placed for MRO supplies. 
Provision is made for necessary 
quota adjustments by filing a request 
with NPA setting forth the reasons for 
the required increase. Similarly, pro- 
visions are made for seasonal and new 
enterprises to establish quotas. 
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EXPERIENCE WITH UP-SEWER CLOROBEN 
TREATMENT IN SOUTHERN CALIFORNIA 


By Ricuarp PoMEROY 


Partner, Pomeroy & Westcott, Consulting Engineers, Pasadena, Calif. 


Experiments on the use of Cloro- 
ben * for sulfide control in sewers have 
been going on in Southern California 
for several years. An attempt has 
been made in this paper to collect all 
locally available quantitative informa- 
tion of a type which will permit con- 
clusions as to effectiveness of Cloroben 
for elimination of sulfide generation. 
This discussion is directed only toward 
the question of sulfide control in sew- 
ers, although Cloroben has been advo- 
cated on occasion for several functions 
besides sulfide control, such as bacte- 
rial reduction, odor masking, ete. 


Laboratory Experiments 


One approach to the evaluation of a 
chemical procedure for sulfide control 
is by laboratory experiments. Sulfide 
generation in bottles is quite different 
from generation in sewers, but prop- 
erly planned laboratory tests may yield 
valuable information. The results of 
two sets of tests have already been re- 
ported by Pomeroy and Bowlus (1). 
It was found that dosages of 5 p.p.m. 
or less had no discernible effect on sul- 
fide production in bottles. A dosage of 
64 p.p.m. served to cut the rate of sul- 
fide generation in half. By compari- 
son, equal results were obtained by 6.5 
p.p.m. of a chlorinated propane-pro- 
pene mixture, and by about 3 p.p.m. of 
chlorinated phenols. 

Laboratory tests by Beardsley (2) 
showed that the sulfide-producing ae- 


***Cloroben’’ is the trade name for an 
emulsified mixture of chlorinated benzenes, as 
produced by the Cloroben Corporation. ‘‘ Ben- 
oclor,’’ also referred to in this article, is an- 
other product of the same company and is 
likewise essentially chlorinated benzenes. 
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tivity of slimes was not significantly 
diminished by exposure for four days 
to Cloroben at a concentration of 30 
p-p.m. However, a cleaned concrete 
surface in a sewer, when disinfected 
with Cloroben, remained free of sul- 
fide-producing slime through an ob- 
servation period of more than a year. 

Eliassen, Heller, and Kisch (3) have 
presented data to show that fractional 
parts of Cloroben can retard sulfide 
production from organie matter, but 
that concentrations up to 50 p.p.m. 
were ineffective against the sulfate-re- 
ducing organism Sporovibrio desul- 
furicans. The theoretical possibility 
was presented that in sewers Cloroben 
might delay the fall of oxidation po- 
tential and thus might postpone redue- 
tion of sulfate. 


Field Observations 


The field data which have been as- 
sembled here for appraisal of the ef- 
fect of Cloroben on sulfide generation 
in sewers are presented under the head- 
ings of seven cases. 


Los Angeles County Sanitation Dis- 
tricts 


Cloroben was tried by the Los Ange- 
les County Sanitation Districts in the 
San Gabriel system in 1942 and 1943. 
Application was at the wet well of a 
pump station, which delivered an av- 
erage of 0.5 m.g.d. of sewage into a 
7,300-ft. force main. The sewage re- 
ceived at the pump station was fresh, 
with total sulfide concentrations never 
more than a few tenths of a part per 
million and with dissolved sulfides 
generally zero in the summer and in- 
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variably zero in the winter during the force main were determined on each 


period of the Cloroben tests. Consid- 
erable build-up of sulfides oceurred in 
the force main; it was in an attempt to 
eliminate this that Cloroben was tried. 

Preliminary tests in December, 1942, 
with low dosages of Cloroben showed 
no clear evidence of sulfide reduction, 
but the results were uncertain because 
of difficulties with the feeding arrange- 
ments. In January, 1943, a fairly sat- 
isfactory run was obtained with high 
dosages, as shown in Figure 1. Cloro- 
ben was fed at a roughly uniform rate 
(except for a 14-hr. interruption), but 
considerable fluctuation of concentra- 
tion, as shown in the graph, resulted 
from the variations of sewage flow. 
Normal sulfide increase in the force 
main, shown as 1.2 p.p.m. in this fig- 
ure, is not accurately known, because 
occasional winter storms cause erratic 


results; it could be as low as 0.75 
p.p.m. or as high as 1.50 p.p.m. Sul- 


fide concentrations at the end of the 


test day by 10 or more determinations. 
On the basis of the assumed normal 
build-up of 1.2 p.p.m., it appears that 
an average of 35 p.p.m. of Cloroben 
reduced sulfide generation by 37 per 
cent. The magnitude of this reduction 
is uneertain, but it was evident that 
Cloroben failed to accomplish the aim 
of stopping sulfide generation. 

It was subsequently pointed out by 
representatives of the Cloroben Cor- 
poration that better results might have 
been obtained if the chemical had been 
applied upstream at the end of a lat- 
eral to get a greater contact time. To 
put Cloroben into the end of each lat- 
eral, so as to obtain contact time with 
all of the sewage, would have been im- 
practical, the Districts decided 
against any further attempts to use 
Cloroben in this situation. Zine sul- 
fate was found to be completely effec- 
tive and was used until this station 
was abandoned in 1944. 
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City of Los Angeles 


It is well-known that the City of Los 
Angeles has done much work with 
Cloroben (4). The primary purpose 
of this work was bacterial reduction of 
beach waters. On the basis of certain 
laboratory tests its use was indicated, 
and the city was faced with the des- 
perate necessity of doing whatever 
showed reasonable promise of improv- 
ing conditions. With a problem so se- 
rious, the city did not feel warranted 
in making extensive off-and-on experi- 
ments, such as have been possible in 
other places. Consequently, the estab- 
lishment of comprehensive data on the 
effect of the chemical on sulfides has 
been delayed. 

The opinion has become current that 
sulfide concentrations in the Los An- 
geles north outfall generally ran in 
the neighborhood of 10 p.p.m. before 
using Cloroben. Results as high as 10 
p.p.m. may have been reported some 
years ago, but since that time sulfide 
testing methods, including the signifi- 
cance of the term ‘‘hydrogen sulfide’’ 
have changed; sewer cleaning and 
maintenance have been improved, flows 
have inereased, and by opening of 
manholes at locations in the sewer 
where oxygen concentrations in the at- 
mosphere were found to be a little over 
half normal, the concentration has been 
brought up to near normal for tbe en- 
tire length. Unfortunately, observa- 
tion and sampling were necessarily cur- 
tailed during the war years and there 
is a gap, during which time sufficient 
information was not available to ob- 
serve the trend of sulfide eoncentra- 
tions. 

Upon resumption of regular sched- 
uled sampling it was noted that sul- 
fide concentrations at Hyperion had 
dropped to the order of 1 to 1.5 p.p.m. 
The incidence of the lowered concen- 
trations cannot now be correlated with 
any particular change in technique, op- 
eration, or any other factor. 

The City no longer uses Cloroben for 
sulfide control. 
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City of Long Beach 


The City of Long Beach started an 
energetic program of sulfide control in 
1946. Many sewer lines were cleaned 
and Cloroben applications were started 
in three locations. Unusually complete 
data are now available for the evalua- 
tion of Cloroben in this system. 

The records are particularly signifi- 
cant in the North Long Beach system. 
Cloroben was applied, under the super- 
vision of the manufacturer’s represen- 
tatives, at two points near the up- 
per end of trunk sewers, in sufficient 
amount to yield a concentration of 1 
p.p.m. in the total flow. The sewage 
flows to a pump station, where it is 
pumped into a 4,200-ft. force main. 
The city followed a routine test proce- 
dure, in which one test was made each 
day at the end of the force main. Over 
the period of these studies, the testing 
time at this point was between 12 noon 
and 1:30 p.m., which is on the sulfide 
**plateau’’ lasting most of the after- 
noon in this line. 

Figure 2 presents these results over 
a 23-month period, including three pe- 
riods of Cloroben dosage and four pe- 
riods without Cloroben. In this plot, 
the individual daily results have been 
averaged by groups, generally of five 
days, to smooth out the sharp day-to- 
day variations. The points shown on 
the plot are these averages and repre- 
sent total sulfides; dissolved sulfides 
average just 1 p.p.m. lower. With this 
complete record now available it ap- 
pears that Cloroben had no significant 
effect, an observation contrary to con- 
clusions reached after preliminary tests 
before these on-and-off experiments. 

In respect to the results of these on- 
and-off experiments, two points have 
been raised as to the soundness of the 
conclusion. The first is that these sul- 
fide concentrations are lower than in 
previous years. In 1941, during a pe- 
riod of no treatment in October, total 
sulfide concentrations rose to between 
6 and 7 p.p.m., as compared to concen- 
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FIGURE 2.—Cloroben experiments in North Long Beach force main; dosage 1 p.p.m. 
during intervals noted. 


trations of 2 to 4 p.p.m. at the same 
season in 1946 and 1947. 

There are two factors which account 
for the change since 1940. One is that 
the City of Long Beach did an exten- 
sive cleaning job in the sewers in this 
area, which would certainly lead to a 
reduction in sulfide generation. The 
other is the increase in flow, which is 
especially important in force mains, 
where the build-up of sulfide coneen- 
tration is inversely proportional to the 
flow. The 23-month period recorded 
in Figure 2 displays a continuing 
downward trend in sulfide concentra- 
tions, which can be explained by the 
two factors mentioned. 

The second point raised concerns the 
ability of Cloroben to have a persisting 
effect. In order to maintain that Clo- 
roben was a factor in this reduction 
since 1940, it would be necessary to 
assume that its effects persisted un- 
diminished for extended periods of 
time after the shutting off of treatment. 

It is known that certain sterilizing 
chemicals do have effects which persist 


after cessation of treatment. There is 
much information on this point, for 
observations have been made of this 
effect in the use of chlorine, lime, caus- 
tie soda, sulfuric acid, and shock treat- 
ments of Cloroben and Benoeclor. In 
summer, the effect seldom persists for 
more than seven days. In winter, it 
may take a longer time for the sewer 
to return to normal, but there is no 
clear evidence that these effeets ever 
last longer than two weeks. 

Cloroben was also tried for control 
of sulfides in force mains in the Los 
Alamitos and Belmont Shore districts 
in Long Beach. Without going into 
detail, it may be said that treatment of 
the pump station wet wells with high 
dosages of Benoclor stopped sulfide 
generation for a few days, but a eon- 
tinuous repetition of this treatment 
was uneconomical. Cleaning of the 
force mains helps, but no practical 
combination of cleaning and Cloroben 
treatment has been found which ace- 


complishes satisfactory economic con- 


trol. Other procedures, such as chlori- 
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nation, compressed air, or metallic 
salts, are indicated as more economical 
in the solution of this problem. 


City of San Buenaventura 


The City of San Buenaventura 
(‘‘Ventura’’) consists principally of a 
long narrow developed area paralleling 
the beach. A trunk sewer takes the 
sewage to a treatment plant at the 
northwest end of the city. Sulfide pro- 
duction is small, with an average of 
0.26 p.p.m. of dissolved sulfide in the 
sewage when no treatment was applied. 


10 
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However, the location of the treatment 
plant is such that it is desirable to hold 
dissolved sulfides to zero at all times. 
In a trial run, Cloroben was added 
at the upper end of the trunk sewer 
during August, September, and Octo- 
ber, 1947. The dosage was sufficient to 
give a concentration of 1 p.p.m. at the 
lower end of the line. Sulfide tests 
were made only on a few days scat- 
tered over the season, including only 
two days during the period of treat- 
ment, showing an average dissolved 
sulfide concentration of 0.20 p.p.m. for 
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FIGURE 3.—Sulfide generation in Santa Fe Springs Waste Water Disposal Co. 
effluent lines. 


Ban 

= 

s—— Vf 

WY 

1: 

CL OROBEN, PPM. fe) 5 

BATE 6 6 = 29-5 

3 


470 


seven tests. From the scant data it is 
not possible to say whether Cloroben 
had any effect, but because sulfides 
were not eliminated, the City discon- 
tinued the treatment. 


Santa Fe Springs Waste Water Dis- 
posal Co. 


The Santa Fe Springs Waste Water 
Disposal Co. operates a plant treating 


3.5 m.g.d. of oil field waste water by. 


flocculation, sedimentation, and filtra- 
tion. The effluent goes through two 
parallel pipelines to the ocean. Sul- 
fides are often present to the extent of 
a few tenths of a part per million in 
the water leaving the plant. However, 
there is considerable aeration at the 
entrance to the pipelines, and at a 
point a few hundred feet downstream 
total sulfides were consistently 0.1 
p.p.m. or less. 

The effluent lines are tightly closed, 
so that there is little or no ventilation. 
Considerable sulfide build-up oceurs as 
a result. The two lines handle the 
same water, but different flow condi- 
tions lead to differences in sulfide gen- 
eration, with concentrations in line 
No. 1 generally about two-thirds as 
great as in line No. 2. 

On Oct. 6, 1947, Cloroben was added 
to line No. 2 for a few hours at a con- 
centration of 50 p.p.m. Tests were 
made in both lines at a point 7 mi. 
downstream before the Cloroben ar- 
rived and for 2 hr. while the Cloroben 
was passing. Later in the month an- 
other test was run, this time by adding 
Cloroben for three days to line No. 1 
at a dosage of 5 p.p.m. 

All of the results are represented in 
Figure 3. The statistical summary at 
the bottom of Figure 3 shows that the 
two lines behaved similarly in fluetua- 
tions of sulfide concentration, regard- 
less of the presence or absence of Clo- 
roben. The ratio of average sulfide 
concentrations in the two lines does 
not change materially in a direction 
that would indicate any benefit from 
Cloroben, and it therefore was con- 
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eluded that Cloroben had no signifi- 
eant effect in these experiments. 


Buena Park 


In Orange County, Cloroben was 
first tried in 1942. No conclusive data 
are available, but the results did not 
appear promising and the treatment 
was discontinued. In 1947 tests were 
made at Buena Park, Orange, and 
Santa Ana. 

At Buena Park two collecting lines 
take the flow, totaling 200,000 g.p.d., 
to a pump station, which delivers it 
into a 2-mi. force main. Cloroben was 
added at two points near the upper 
ends of laterals on one of these col- 
lecting lines, and at one point on the 
other. Dosage was 3 p.p.m. in the to- 
tal flow. The treatment was applied 
from April 2 to April 11, inclusive. 
Tests before, during, and after Cloro- 
ben addition were taken in each of the 
two main lines entering the pump sta- 
tion, with average results as shown in 
Table I. 

The tests on April 22 and 25 are 
distinetly higher than during the first 
week of the month, but the increase is 
about what would be expected for the 
seasonal trend. 

Within the limits of erratie varia- 
tion, the results do not show that sul- 
fide conditions were appreciably im- 


TABLE I.—Cloroben Experiment at 
Buena Park, Calif. 
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proved by Cloroben treatment, but ex- 
amination of the Buena Park system 
showed that the sulfides probably came 
largely from short laterals tributary to 
the two main collecting lines. Under 
these conditions complete elimination 
of sulfides at the end of the line could 
scarcely be expected from addition of 
a toxic chemical to the main stream, 
unless biological activity is reduced so 
far that substantial oxygen concentra- 
tions build up in the stream. As addi- 
tion of Cloroben to each lateral was 
impractical, it was concluded that Clo- 
roben was not of practical use in this 
situation. 

In the Buena Park force main, 
when no treatment was applied, sul- 
fides built up to concentrations of 10 
to 12 p.p.m. This was unaffected by 
the presence of Cloroben at a concen- 
tration of 3 p.p.m. Compressed air 
normally accomplishes complete con- 
trol in the force main. 


City of Orange 


The second set of tests in Orange 
County were made in the main sewer 
from the City of Orange. This line 
runs for a stretch of 2 mi. from the 
city limits to the Verano-Euclid line 
of the Joint Outfall sewer. The sew- 
age is generally free from dissolved 
sulfides at the city limit, but when no 
controls are applied, sulfide build-up 
occurs before the sewage reaches the 
Joint Outfall line. Concentrations are 
erratic, due to operations of a cannery 
at Orange. It is not possible to state 
just what is normal for this line, but 
the available records show that in sum- 
mer dissolved sulfide concentrations of 
1 to 3 p.p.m. can be expected on most 
days when there is no treatment. 

Prior to the experiments with Cloro- 
ben, sulfides had been kept under con- 
trol by shock treatments with lime. 
These treatments, which consist in add- 
ing 800 Ib. of lime over a period of a 
half hour, have been completely effee- 
tive in preventing the reappearance of 
any dissolved sulfides at the end of 
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the line for a week, and sometimes 
longer. 

On August 4, 1947, sulfides had re- 
appeared after a lime treatment about 
two weeks earlier. Cloroben was fed 
for four days at dosages varying from 
1.25 to 5 p.p.m. Dissolved sulfide con- 
centrations averaged 1.1 p.p.m. (14 
tests). Due to feeding difficulties, the 
Cloroben dosage averaged only 0.5 
p.p.m. for the next four days. Then 
the sewer was dosed at 10 p.p.m. for 
one day, followed by 2 p.p.m. for five 
days. In this 6-day period, also, dis- 
solved sulfides averaged 1.1 p.p.m. (14 
tests). In the absence of accurate ba- 
sic data on sulfide concentrations with- 
out treatment, it is not possible to de- 
termine whether there was any effect 
on sulfide generation, but at the dos- 
ages used, Cloroben did not produce 
real control of sulfide formation. 


Santa Ana 


In May, 1947, plans were made for 
a series of tests in Santa Ana under 
the guidance of representatives of the 
suppliers of Cloroben. The sewers se- 
lected for testing were a series of 
badly fouled laterals on Sycamore, 
Broadway, Bireh, Van Ness, and Ross, 
tributary to the Delhi trunk. Each of 
these laterals is about 0.25 mi. long, 
and picks up sewage from 50 to 150 
homes. Tests were made on 8 days 
from May 1 to May 9 at the points of 
junction with the Delhi trunk. Be- 
cause of the foul condition of the lines, 
the Cloroben representatives advised 
trying certain initial treatments of 
flushing or shock dosages of chemicals, 
after which it was intended that regu- 
lar Cloroben dosages would be applied. 
Table II shows initial sulfide concen- 
trations, treatments applied, and re- 
sults on subsequent days. The failure 
of the shock treatments with Cloroben 
and Benoclor to cause more than a par- 
tial reduction of sulfide generation was 
discouraging, and the Cloroben repre- 
sentatives stated that the lines should 
be cleaned mechanically. 
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The city decided, however, to pro- 
ceed as originally planned on two of 
the lines, by setting up stations for 
regular Cloroben dosage at the upper 
ends of the lines. Treatments were 
started in Ross and Birch on May 28 
and June 4, at a rate of *¢ g¢.p.d. Cloro- 
ben in each line. The average concen- 
trations at the lower ends of the lines 
were estimated (on the basis of an as- 
sumed flow of 160 g.p.d. per residence ) 
to have been 37 and 42 p.p.m., but the 
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momentary concentrations must have 
varied from approximately 5 p.p.m. up 
to several hundred p.p.m. at the lower 
ends, and correspondingly higher con- 
centrations toward the upper ends. 
The sulfide tests on following days, as 
shown in Table II, indicate some dimi- 
nution of sulfide generation, particu- 
larly when the seasonal trend is econsid- 
ered. 
On July the 

cleaned with a ball. 


9 


Ross St. line was 
Sulfide readings 


TABLE II.—Cloroben Tests in Santa Ana, Calif.’ 


Broadway Birch Van Ness 


4.2) TS. 3.3 
1.4 2.6 | D.S. 2.4 


D.S. 18 | DS. 


Flushed | 2.5 gal. | 1.25 gal. 
Benoclor | Benoclor 


1 gal. 
Benoclor 
38 

8. 21] THR 
D.S. 1.7 | DS. 2.2 | DS. 2.3 


TS. 1. 
D.S. 


9 


5 | TS. 


3. 
D.S. 3. 


May 28-June4| — (|Treatment(| 
| 


| Started 
| Cloroben 
| Av. 42 
p-p.m. 


Started 

| Cloroben 
Av. 37 
p.p.m. 


|Av. 
| Si 
jsul fides | 


June 4-18 


| T.S. TS. 3.9 
| DS. | D.S. 3.0 


June 18 


Stopped 


— /|Treatment | 


July 2 


\ 


|Treatment | 


Cleaned 
| with ball | 


July 7-16 7 lAv. 
sulfides 


TS. 0.3 


| 
| 
| 
| 
| 


lsulfides 


July 21-Aug. 4 


| fi 
Aug. 4 [Treat ment | 


Started 

Cloroben 

Av. 15 
p.p.m. 


6 


Aug. 6 and 16 v. | 
lfides 


1 T.S., total solids; D.S., dissolved solids. 
2N 


TS. 27 


umber of samples analyzed for each average result shown. 
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TABLE III.—Summary of Observations 


Cloroben 
Location 
(p.p.m.) 


Results 


North Long Beach 1 
Los Angeles 1? 
Ventura 1? 


Buena Park collecting 
system and force 


main 3 
Orange 1.25 to 10° 
Santa Fe Springs 5 
Santa Fe Springs 50 
San Gabriel force main 0 to 85% 


Laterals in Santa Ana 


Varying with flow from 

a few p.p.m. to several 
hundred p.p.m.; aver- 
age 15, 37, and 42 
p.p.m. 


Unusually complete data indicate Cloroben to 
be without effect. 

Sulfides not eliminated; available information 
indicates Cloroben caused little or no diminu- 
tion. 

Sulfides not eliminated; some reduction is indi- 
cated, but data too meager to permit this to 
be determined with certainty. 


Data indicate Cloroben to be without effect. 

Sulfides not eliminated; data do not show 
whether there was any diminution. 

Cloroben had no apparent effect in 3-day trial. 

Cloroben had no apparent effect in 2-hr. trial. 

Sulfides not eliminated, but moderate reduc- 
tion (estimated 37 per cent) is indicated. 

Sulfides not eliminated. Reduction of some- 
thing less than 50 per cent is definitely 
shown for the higher dosages; no effect evi- 
dent at 15 p.p.m. 


are in some cases much greater. 
2 Average. 
3 Daily average. 

* Average 35 p.p.m. 


were zero until July 10, and the aver- 
age until July 16 was only 0.3 p.p.m. 
By the end of July this had risen to 
about 2.0 p.p.m. On August 4, Cloro- 
ben treatment was started at an esti- 
mated average dosage of 15 p.p.m., 
but tests on August 6 and 16 show no 
evidence of beneficial results. 

The city also tried Cloroben in a 
lateral on French St. between 17th St. 
and Washington. This line is four 
short blocks in length in a completely 
developed residential area. Sulfide 
tests on July 21 and 22 showed 3.2 
and 3.3 p.p.m. Application of 0.3 
g.p.d. at the upper end was started on 
July 23. Four tests during the next 
week at the lower end showed sulfides 
averaging 2.9 p.p.m. 


1. Pomeroy, R., and Bowlus, F. D., ‘‘Prog- 
ress Report on Sulfide Control Re- 


‘ Concentration in the total flow at the downstream test point; local upstream concentrations 
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Table III collects the pertinent facts 
from the preceding eight cases. 
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DISCUSSION 


By ELtaAsseN 


Professor of Sanitary Engineering, Massachusetts Institute of Technology, 
Cambridge, Mass. 


The results of the tests reported by 
Pomeroy are a significant contribution 
to the available literature on sewer 
line maintenance. Extensive data are 
presented to cite the conditions under 
which Cloroben will not be effective 
in suppressing the formation of sul- 
fides in sewers. It is important that 


the data be analyzed to learn why the 
chemicals did not work in the places 
observed by Pomeroy and to compare 
these with the conditions which pre- 


vailed in places where the chemicals 
have been shown to be effective. 

In studying the data of Pomeroy, it 
is apparent that short-term dosages of 
Cloroben do not lead to success, even 
though applied in the laterals. The 
tests at San Buenaventura, Santa Fe 
Springs, Santa Ana, Buena Park, and 
Orange City were all of short duration, 
ranging from two hours to ten days. 
It is known that sewer slimes and the 
state of the sewage, whether septic or 
fresh at the time of chemical applica- 
tion, are extremely important in de- 
termining whether sulfides will be gen- 
erated in sewers. Slimes may take a 
considerable time to be removed by 
chemicals such as the organie chlorine 
compounds. That they can be removed 
in such a manner has been shown by 
Brown (1) and Beardsley (2) in Los 
Angeles. 

Data from the City of Los Angeles 
presented by Pomeroy are rather com- 
plete and speak for themselves. Sev- 
eral factors have undoubtedly contrib- 
uted to the reduction of sulfides there, 


but these factors cannot readily be 
evaluated individually. 

In Long Beach, Cloroben was applied 
for extensive periods. Sulfide genera- 
tion was not great, with and without 
Cloroben, and no significant differences 
could be noted with such small concen- 
trations of sulfides. It is unfortunate 
that more data were not available on 
the growth of slimes on sewer walls 
and the oxidation-reduction potential 
of the sewage at the place of Cloroben 
addition and at the lower ends of the 
line where sulfides were measured. 
Starkey has shown the great influence 
of oxidation-reduction potential on the 
activity of Sporovibrio desulfuricans ; 
the writer and his colleagues have 
shown (3) that Cloroben is not effective 
on this organism, which thrives at po- 
tentials in the range from — 200 to 
— 300 millivolts, but is effective against 
other organisms prevailing at higher 
potentials. 

In addition to learning of the con- 
ditions under which Cloroben will not 
be effective, it is equally important to 
know where it will be effective in sup- 
pressing sulfides. Results previously 
presented (3) by the writer and his 
colleagues have indicated under what 
conditions organic chlorine compounds 
ean be made to suppress sulfides in the 
laboratory. Results soon to be reported 
were obtained during the past year by 
Joe Williamson, Jr., in two Florida 
cities. This work has definitely shown 
that laboratory results can be dupli- 
cated in sewer systems and that effeec- 
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tive suppression can be achieved if the 
necessary conditions established by lab- 
oratory research are made to prevail in 
the field. Considerable further study 
is necessary to correlate laboratory and 
field operation in order to provide the 
sanitary engineering profession with 
the necessary information to apply 
these chemicals successfully and to 
learn of the broad limitations in their 


use. 


The time covered in the results pre- 
sented by Pomeroy encompasses prac- 
tically everything since Cloroben was 
first introduced on the West Coast. 
This early work was largely exploratory 
and experimental and some results 
were bound to be less than satisfactory. 
The same can be said about any chemi- 
cal treatment. All have their limita- 
tions and the determination of the 
necessary conditions for favorable re- 
sults is not accomplished without 
errors. 

Any new idea or material meets with 
a varied reception; it is hailed by some 
as a miracle and condemned by others 
as useless. Such opinions are largely 
due to fortuitous circumstances. These 
are modified by time and experience, 
which are necessary to develop the 
true worth of the commodity and de- 
termine its field of usefulness. 

The laboratory work referred to (1) 
consisted of bottle experiments in sew- 
age and a synthetic medium with vari- 
ous quantities of reagents. Results were 
charted as toxic dosage vs. time for 
sulfide concentration to reach 10 p.p.m. 
More than 48 hr. were required by the 
control and the test continued for two 
weeks. 

Subsequent tests under practical con- 
ditions in the sewers of Los Angeles 
(2) showed that 1 to 2 p.p.m. of 
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Cloroben inhibited sulfide formation in 
flowing sewage with a maximum flow 
time of 18 hr. 

Eliassen, Heller, and Kisch (3) econ- 
firmed these results in carefully con- 
trolled laboratory work and found that 
coliform and other organisms in fresh 
sewage produce sulfides from organic 
sulfur compounds, that such sulfide 
production can be controlled by small 
dosages of Cloroben, and that a 75 per 
cent inhibition of sulfide production 
may be achieved for 18 hr. at 37° C. 
in fresh domestic sewage with 1 p.p.m. 
Cloroben. Under septic conditions, 
with the oxidation-reduction potential 
lowered to — 200 or — 300 m.v., S. 
desulfuricans reduce sulfates to sulfides 
and Cloroben is not effective against 
this type of sulfide organism. Elias- 
sen’s work confirmed the results found 
in practice and outlined the necessary 
conditions for sulfide control with 
Cloroben. 

The accumulated septic sludge in 
force mains rapidly consumes all oxy- 
gen and fosters sulfide production from 
sulfates. The results in the San Gabriel 
force main in 1942, where a 37 per 
cent reduction in sulfides resulted from 
Cloroben treatment, can be interpreted 
as showing Cloroben to have been fairly 
effective. 

Pomeroy’s discussion of the condi- 
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tions in the City of Los Angeles pro- 
vides a prewar picture of that city’s 
struggle with the sulfide problem. Los 
Angeles’ postwar experience with 
Cloroben led to a thorough investiga- 
tion, which resulted in its methodical 
application throughout the city sewer- 
age system. 

In a paper presented by Reuben F. 
Brown and John T. Young at a meet- 
ing of the Sanitary Section of the 
American Society of Civil Engineers in 
Los Angeles in May, 1946 (Western 
City; May, 1946) they reported: 


“Tt (Cloroben) is applied at the upper 
ends of sewer lines while the sewage is still 
fresh. Formation of hydrogen sulfide is 
retarded and the sewage remains compara- 
tively fresh and putrefaction is delayed. 

“Hydrogen sulfide production is reduced 
to less than 1 p.p.m. or to only a trace. 

“Greases, slimes and bacterial growths 
which adhere to the sides of the sewer 
lines have been removed by the steady daily 
application of the chemical until the sides 
of the pipe become as clean as when origi- 
nally constructed. 

“Forced ventilation and aeration of large 
outfall sewers becomes unnecessary as 
sewer gas is produced only in very limited 
quantities when the chemical is properly 
applied. Thus, the destructive effects of 
the sewer gas on the pipes and structures 
of the sewerage system are very greatly 
reduced.” 


Brown (2), reporting on up-sewer 


Cloroben treatment of Los Angeles 
sewage, during which the Los Angeles 
Bureau of Standards analysed over 
18,000 samples, found: 


“One of the most interesting results of 
the experimental program was to observe 
that, as a result of the up-sewer treatment, 
the formation of hydrogen sulfide was in- 
hibited to a large degree. A number of 
years ago studies on the trunk sewer lines 
discharging into the outfall sewer indicated 
that the hydrogen sulfide content of the 
sewer was as high as 25 p.p.m. in some 
sewers. Other sewers contained 1.5, 5.0, 
and even 10 p.p.m. of hydrogen sulfide. 
The outfall sewer at Hyperion contained 
an average of 2.25 p.p.m. 
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“When the full-scale experimental dos- 
age of the entire sewer flow was adopted, it 
was found that the individual sewers con- 
tained from but a trace to 0.6 p.p.m. of 
hydrogen sulfide in the sewers and the sew- 
age at Hyperion outfall contained approxi- 
mately 0.2 p.p.m. hydrogen sulfide on the 
average (0.09 to 0.27 p.p.m.). Thus, the 
hydrogen sulfide content of the total sew- 
age flow at Hyperion had been reduced by 
91.6 per cent.” 


Pomeroy offers no new data contrary 
to Brown’s report quoted above nor to 
his conclusion that: 


“Organisms which produce hydrogen sul- 
fide are either killed or otherwise inter- 
fered with, so that hydrogen sulfide pro- 
duction in long trunk sewers is reduced by 
65 to 95 per cent.” 


Los Angeles may have discontinued 
the use of Cloroben for other reasons, 
but all available evidence shows that it 
rendered excellent service in control- 
ling sulfides. 

Practical applications for odor and 
sulfide control have produced satisfac- 
tory results in many cities. The list 
comprises over 100 municipalities and 
Oklahoma City, Okla.; Springfield, 
Mo.; Houma, La.; and Wichita, Kan., 
have reported their results. 

In a great many of the unreported 
cases no analytical data is available to 
establish the relative conditions before 
and after this treatment. The sulfide 
odors were strong before Cloroben ap- 
plication and were absent, or not ap- 
parent, thereafter. Such practical evi- 
dence is satisfactory to the engineer or 
operator in charge, who generally has 
many other duties that require atten- 
tion and lacks time for the meticulous 
collection of detailed data demanded 
by the critics. 

Taylor (4), at Oklahoma City, re- 
ported: 

“Odors were reduced to where they were 


hardly noticeable; hydrogen sulfide was 
practically eliminated.” 


Hazlip (5) at Houma, La., found that 
Cloroben added at the pumping sta- 
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tions prevented the odors due to septic 
sewage and was useful in the operation 
of an overloaded plant for the same pur- 
pose. He states that few chemical tests 
are made, sight and smell being the 
indicators used in operation. Gary (6), 
reporting on the same system, stated 
that with 2 p.p.m. Cloroben, the sewage 
arrived at the plant odor-free and non- 
septic. 

In the opinion of the many operators 
who have found Cloroben helpful in 
reducing sulfide odors, that fact is the 
only essential. The tests necessary to 
substantiate their opinion are fre- 
quently beyond the facilities at their 
command. In fact, many of the efforts 
to devise tests and reproduce practical 
conditions in laboratory experiments 
have failed because of the complex na- 
ture of sewage and a lack of compre- 
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hension of the controlling factors. 
Negative results are strong indications 
that the method may be more faulty 
than the material. Practical tests in 
the sewage systems are frequently in- 
validated by the neglect of some ob- 
secure factor or condition. 

Boyer in a private communication 
(July, 1948) on the tests at San Diego, 
found that where sulfides did not de- 
erease after up-sewer Cloroben treat- 
ment, there were long unclean force 
mains in most cases; when these were 
flushed clean a satisfactory reduction 
in sulfides resulted from the treatment. 

It seems only fair to point out that 
the negative results tabulated by Pom- 
eroy could possibly be due to some un- 
determined factor which was not re- 
vealed or found while the tests were 
in progress. 
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CONTAMINATION OF VEGETABLES GROWN IN 
POLLUTED SOIL * 


II. FIELD AND LABORATORY STUDIES ON ENDAMOEBA CYSTS 


By Rupo.trs, Luoyp L. FALK, AND Ropert A. RAGOTZKIE 


In a previous paper (5) it was 
shown that such disease producing or- 
ganisms as the Salmonella and Shigella 
species survived only a comparatively 
short time when applied to vegetables 
growing in the field. It is believed that 
one of the principal reasons for the 
relatively short survival is the lack of 
resistant resting stages of these organ- 
isms. In the case of the parasitic 
amoeba, Endamoeba histolytica, more 
or less resistant stages as cysts are 
formed, which enable the organism to 
survive under adverse conditions. 
These stages are passed in the feces of 
the infected person and, through irri- 
gation with polluted water or the di- 
rect use of night soil as fertilizer, may 
reach the edible portion of the plants. 
Direct ingestion of the developed cyst 
is the manner whereby these parasites 
are transmitted from host to host. 

In the course of fertilizing crops with 
night soil or irrigating fields with pol- 
luted water there is a real possibility 
of contaminating vegetables with EZ. 
histolytica cysts. Amoebie dysentery 
or chronic amoebiasis, or both, could 
be spread by human consumption of 
such contaminated vegetables. 

It has been shown by Dobell (2) 
that the cysts of E. histolytica are not 
infective to humans until they have 
been cooled to room temperature for 
24 to 48 hr. No morphological changes 
take place during this period, but ap- 
parently physiological changes occur 
that render the cysts capable of ex- 
eysting when placed in the proper en- 

* Paper of the Journal Series, New Jersey 


Agricultural Experiment Station, Rutgers Uni- 
versity, New Brunswick, N. J. 


vironment at body temperature. Most 
farming practices automatically allow 
for this period of physiological matura- 
tion by means of storage of night soil 
and time of transit of polluted water. 

It is assumed that the cysts, if they 
reach the surface of field-grown vege- 
tables at least one day after passage 
from the infected source, will be viable 
and physiologically mature. The prob- 
lem is how long the vegetables would 
be dangerous after contamination. If 
the cysts survived for a week or two 
or even a month, decontamination 
would be necessary before vegetables 
could be consumed raw. On the other 
hand, if the cysts perished in a rela- 
tively short time, decontamination from 
the standpoint of this particular para- 
site would be unnecessary. Laboratory 
and field survival studies of FE. histo- 
lytica cysts were conducted with these 
points in mind. 


General Methods of Study 


Selection of a Suitable Protozoan Para- 
site 


In studies of this type, it is desirable 
to use a non-pathogenic organism, if 


possible. Endamoeba coli, a harmless 
commensal of the intestinal tract, was 
tried first as the test organism. There 
are three primary requirements for a 
cyst-forming protozoa which is to be 
used for survival studies: first, the 
amoeba must be readily culturable in 
order to obtain large numbers of 
amoebae in relatively high concentra- 
tions; second, it must be possible to 
induce cyst formation of the amoebae 
at will; third, excystation must be 
readily obtainable in order to demon- 
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strate the presence of viable cysts by 
the resulting active cultures. 

Several sources of End. coli were 
found, but all attempts to culture the 
organism failed. Dobell (3) (4) has eul- 
tured End. coli from monkeys and a 
marmoset. In regard to this amoeba, 
he says, ‘‘F. coli is, indeed, more diffi- 
cult to cultivate properly than any 
other amoeba living in man; and to 
obtain pure cultures—free from all 
other species—in which active multi- 
plication and encystation and excysta- 
tion can be obtained regularly at will, 
is so difficult that nobody appears to 
have succeeded in the attempts hither- 
to.’’ On the basis of this statement 
and the culture attempts made, Enda- 
moeba histolytica was chosen as a test 
organism. This amoeba is known to be 
readily culturable, and results obtained 
by using it would be of greater value 
than those obtained with End. coli. 


Production of E. histolytica Cysts 


E. histolytica can be cultured by any 
of several methods. The Locke solution- 
egg slant medium of Boeck and Drboh- 
lav was used for this study because of 
its simplicity and flexibility in indue- 
ing encystation and excystation. 

The medium is composed of an egg 
slant in a test tube with an overlying 
layer of Locke’s solution. The egg 
slant is made by mixing together 270 
ml. of whole eggs and 75 ml. of Locke’s 
solution. The well-beaten mixture is 
deaerated by vacuum pump, tubed, and 
inspissated by steam at 100° C. for 15 
min. in a slanted position. Enough 
Locke’s solution is added to each tube 
to completely cover the slant, and the 
tubes are autoclaved at 15-lb. pressure 
for 15 min. After sterilization ap- 
proximately 30 mg. of rice starch are 
added aseptically to each tube. The 
medium with starch (R+) is then in- 
oculated with E. histolytica. Trans- 
fers are made every 48 hr. by means 
of Pasteur pipettes, 0.5 ml. of the pre- 
vious culture being added to each sub- 
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culture. The amoebae multiply fairly 
rapidly in this medium and produce a 
small percentage of cysts at a regular 
rate. 

To produce cysts in high concentra- 
tions the medium is used without starch 
(R—). Transfers are made from R to 
R— medium. These R— cultures are 
subcultured and increased in number 
by doubling the number of tubes at 
each transfer. No cysts are produced 
in the R— medium. After 5 or 6 
cycles the amoebae are put back in 
R medium, 3 R— cultures being con- 
centrated in each R tube. The R tubes 
are incubated for 72 hr., during which 
time most of the trophozoites encyst. 
The cysts are harvested by centrifuging 
the liquid portion of all the R— tubes. 
High concentrations of quadrinucleate 
(morphologically mature) cysts are ob- 
tained by this method. The cysts are 
counted by use of a Levy-Hausser 
haemacytometer and suspensions of 
any desired concentration obtained by 
dilution in Locke’s solution. 

One other requirement of EF. histo- 
lytica in vitro is the proper bacterial 
flora, which includes at least 5 species. 
The bacterial population is maintained 
automatically by the frequent trans- 
fers necessary. 


Evaluation of the Viability of Cysts 


Both the laboratory and field cyst 
survival studies were based on culture 


methods. The vegetable surfaces were 
contaminated with mature, viable 
eysts. After various intervals, pieces 


of the contaminated vegetable skin were 
used as inocula in tubes of medium to 
determine the viability of the cysts. 
Portions of tomato surface were 
marked off in approximately 1 sq. em. 
areas, and were contaminated with 
known numbers of cysts in Locke’s so- 
lution alone or in a feces-Locke’s so- 
lution suspension. The controls were 
run by inoculating the cyst suspension 
directly into culture tubes. The inocu- 
lated tubes were incubated at 37° C. 
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for 48 hr. and then checked for an 
active culture by microscopic examina- 
tion. If the culture was negative, it 
was transferred and re-incubated for 
48 hr. Two transfers were made; if 
the third tube was still negative the 
sample was considered to contain no 
viable cysts. Later, this method was 
modified to a single transfer after 72- 
hr. incubation and two microscopic ex- 
aminations. An active culture of 
amoebae at any stage was taken as 
proof that viable cysts existed on the 
sample. 

Since a specific bacterial flora is 
necessary for the development of E£. 
histolytica cysts in vitro, the tubes of 
medium which were to receive the un- 
known contaminated samples were in- 
oculated with a culture of the required 
bacteria 24 hr. before sampling. To ob- 
tain an amoeba-free culture of the re- 
quired bacteria the liquid portion of a 
stock amoebae culture was contrifuged 
to remove all amoebae and cysts from 
suspension. Transfers were made 
from the supernatant and after several 
sub-culturings examined for E. histo- 
lytica. It was found that this method 
yielded amoeba-free cultures of bac- 
teria in all cases. 


Number of Mature Cysts Required to 
Produce a Positive Culture 


To evaluate the sensitivity of the 
previously described culture method of 
study, an experiment was conducted to 
determine the lowest number of mature 
cysts required to produce an active cul- 
ture. A harvest of cysts was evaluated 
by use of the Levy-Hausser haemacy- 
tometer and found to contain 16,500 
eysts per ml. Only mature, quadrinu- 
cleate cysts were counted. A series of 
dilutions were made, and inoculated 
into R culture tubes. These tubes were 
inoculated and examined by the usual 
method. Table I gives the results, 
showing that 20 or more cysts produced 
an active culture in all cases and in 
one case an active culture was pro- 
duced by only 8 cysts. 
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TABLE I.—Number of E. histolytica Cysts 
Required to Produce a Positive Culture 


No. of 
Cysts 


Result of 


Tube ulture 


Dilution! 


:10 
:100 
:200 
:400 
:800 

: 1,000 
: 2,000 
74,000 
:8,000 
: 16,000 


= 


1Tnitial cyst concentration, 16,500 per ml. 


Viability of Cysts in the Laboratory 


Experiments were designed to study 
the effect on survival of drying and 
addition of organic matter in the form 
of feces. Pieces of tomato were cut 
and placed skin side up on glass micro- 
scope slides. On each piece a 1-sq. em. 
area was marked off and surrounded 
with a paraffin dam. Known numbers 
of cysts were placed on each localized 
area. Control tubes were inoculated 
with the cyst suspension directly. The 
other contaminated samples were 
placed in culture tubes after varying 
intervals of time to determine the point 
where the cysts ceased to be viable. 

The contaminated samples were 
allowed to dry normally in the labora- 
tory and were dried rapidly by use of 
an electric fan. The samples were con- 
taminated with cysts in suspension in 
plain Locke’s solution and in Locke’s 
solution mixed with feces. 


Viability of Cysts in the Field 


The field studies were designed to 
simulate the most favorable conditions 
possible for contamination of crops by 
E. histolytica. Both tomatoes and let- 
tuce were used as test crops. 

Contamination was accomplished by 
the following methods: 


1. Small depressions in the soil were 
flooded with enough cyst suspension to 
supply 25,000 to 50,000 cysts, and to- 
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matoes were set in these depressions 
immediately. 

2. Artificial cracks were cut radiating 
from the stem end of the tomatoes. 
These cracks were contaminated with 
cyst suspension, which in all cases 
amounted to 10,000 or more cysts per 
erack. 

3. Natural, radial cracks in tomatoes 
were contaminated in a similar man- 
ner. 

4. Leaf lettuce was contaminated by 
pipetting a concentrated suspension of 
the cysts down into the heart of the 
individual lettuce plants. 


These methods of contamination pro- 
vided the most favorable conditions of 
shade and moisture and exposed the 
contaminated parts to a minimum of 
desiccating influences. The duration of 
the contamination by E. histolytica 
was determined by cultural techniques. 
As in the laboratory experiments, the 
contaminated portions of the tomatoes 
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were inoculated into culture tubes in 
toto. Where the tomatoes were set in 
contaminated depressions in the soil, 
the soil as well as the tomato was sam- 
pled to determine the duration of con- 
tamination of the soil itself. Con- 
tamination of the lettuce was evalu- 
ated by removing the entire plant from 
the ground and cutting off the under- 
ground parts and the uncontaminated 
portions of the leaves. The remaining 
stem and connected leaf bases were in- 
oculated into prepared culture tubes. 


Results 
Laboratory Studies 


In the laboratory the cysts were 
tested for survival on the smooth sur- 
face of tomatoes. Duplicate or tripli- 
cate samples were tested for each in- 
crement of time during the test. The 
culture method of evaluation was used 
exclusively. 

In the tables of results the condition 


TABLE II.—Survival of E. histolytica Cysts on the Surface of Tomatoes in the Laboratory 


mole Tine Condition of Skin Culture Result Conditions 

Control 0 _ +++ 50 cysts per sample; in 
1 0 Wet +++ Locke’s solution; dried 
2 1 hr. Wet +++ normally; temp. 29° C.; 
3 2 hr. Dry --- humidity 45% 
4 3 hr. Dry 1 hr. --- 
5 24 hr. Dry 23 hr. --- 

Control 0 — +++ 50 cysts per sample; in 
1 0 Wet +++ Locke’s solution; dried 
2 25 min. Dry +-- rapidly with fan; temp. 
3 30 min. Dry 5 min. --- 29° C.; humidity 45% 
4 40 min. Dry 15 min. --- 
5 1.25 hr. Dry 1 hr. -—-— 
6 2.25 hr. Dry 2 hr. -—— 
7 30 hr. Dry 29.5 hr. --- 
8 48 hr. Dry 47.5 hr. --- 

Control 0 _ +++ 50 cysts per sample; in 
1 0 Wet +++ Locke’s solution and feces 
2 15 min. Wet +++ suspension; dried nor- 
3 60 min. Wet +++ mally; temp. 27° C.; 
4 1.48 hr. Dry --- humidity 40% 
5 2.10 hr. Dry 6 min. --- 
6 2.15 hr. Dry 10 min. --- 
7 2.20 hr. Dry 15 min. --- 
8 2.25 hr. Dry 30 min. --- 
9 2.50 hr. Dry 60 min. --- 
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of the tomato skin is noted in each case 
to show the correlation of viability 
with drying. Each sample tested is 
described by a plus (+) sign or posi- 
tive culture and minus (—) sign or 
negative culture. A sample was consid- 
ered to be contaminated with respect 
to E. histolytica if any one of the serial 
sub-cultures made from it was positive. 

The effect of drying on the survival 
of E. histolytica cysts is illustrated by 
the results in Table II. When the con- 
taminated samples were allowed to dry 
naturally, some cysts survived for 1 
hr., but none survived for 2 hr. If the 
samples were dried rapidly by use of 
an electric fan, some cysts survived for 
25 min., but no cysts survived as long 
as 30 min. In both cases the time of 
drying is very closely correlated with 
survival time of the cysts. 

The results of cyst survival when 
feces are incorporated in the suspen- 
sion indicate that drying had more ef- 
fect on cyst survival than did total 
time after contamination. The results 
are similar in that drying time cor- 
responded exactly to the survival time 
of the cysts. 


Field Studies on Tomatoes 


The results of contaminating arti- 
ficial and natural radial cracks in to- 
matoes growing in the field with cysts 
of EF. histolytica are given in Table 
III. Prevailing weather is included in 
these data for the possible effect it 
may have had on the survival of the 
cysts. Fifty per cent of the artificial 
cracks contaminated still contained 


TABLE III.—Survival of E. histolytica on 
Tomatoes Growing in the Field 


| 
Mode of Con- | Time | Result | 
r.) 


tamination | (br.) | Of Cul- | Weather 
ture | 

Artificiz 0 | Showers, cloudy 
| 18 +— | Warm, clear, humid 
Artificial crack | 2 i-- Same 

Artificial crack | 72 | —— | Same 

0 Warm, clear, humid 
Natural crack -- Same 

Natural crack | 42 | —— | Same 

6 


Natural crack | 66 | —-— | Same 
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TABLE IV.—Survival of E. histolytica on 
Tomatoes in Contact with Contaminated 
Soil in the Field under Wet 
and Dry Conditions 


Location of Con- Time Culture | Condition 
tamination (hr.) Results of Soil 
Control | 0 ++ | Wet 
Tomatoes | 18 + Wet 
Soil j 18 ++ Wet 
Tomatoes 42 oe Wet 
Soil | 42 +— Wet 
Tomatoes 72 Damp 
Soil | 72 -- Damp 
Control 0 ++ Dry 
Tomatoes | 18 ++ Dry 
Soil 18 -- Dry 
Tomatoes |} 42 -- Dry 
Soil | 42 -- Dry 
Tomatoes | 66 Dry 


Soil | 66 -- | Dry 


viable cysts after 18-hr. exposure. 
None of the natural cracks held viable 
eysts after 18 hr. In no case were 
viable cysts recovered from radial 
eracks after 42-hr. exposure. 

Even more favorable conditions for 
cyst survival were tested by setting the 
tomatoes in a depression in soil soaked 
with a suspension of 25,000 to 50,000 
mature cysts. The results of these tests 
are given in Table IV. Viable cysts 
were recovered after 42 hr. from both 
the tomatoes and the contaminated soil 
when the soil was wet. Later in the 
summer, when the soil was dry, viable 
cysts were recovered after 18 hr. from 
the tomatoes only. In no case did the 
cysts remain viable for as long as 72 
hr. In comparison with the survival 
of cysts in cracks in the tomato itself, 
the more favorable moisture conditions 
afforded by wet soil prolonged the sur- 
vival time by 24 hr. 


Field Studies on Lettuce 


The results of sampling and evaluat- 
ing lettuee which had been contami- 
nated with EL. histolytica cysts are given 
in Table V. Soil condition is noted for 
all samples for any effects this may 
have had on the humidity in the im- 
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mediate proximity of the lettuce plants 
and consequently on the survival of 
the cysts. Viable cysts were recovered 
from all of those lettuce plants sam- 
pled after 18-hr. exposure when the 
soil was wet and from none of the 
plants sampled after 18-hr. exposure 
in dry soil. In no case were viable 
cysts recovered from contaminated let- 
tuce exposed 48 hr. 


Discussion of Results 


The ecystie stage of the life cycle of 
the enteric parasite Endamoeba histo- 
lytica must be understood in order to 
interpret properly the results of the 
survival studies. The cyst is pro- 
duced in the intestine of the infected 
carrier. In the process of maturation 
the nucleus divides twice to form a 
quadrinucleate cyst. These nuclear 
divisions usually occur before the cyst 
leaves the body, but may take place 
outside the human body under optimum 
conditions of moisture and tempera- 
ture. These quadrinucleate cysts be- 
come infective only after cooling to 
room temperature for 24 to 48 hr. 
Excystation will not occur until the 
cysts are placed in a favorable environ- 
ment at 37° C., such as the human in- 
testinal tract. In the process of ex- 
cystation a _ single quadrinucleate 
amoeba emerges. As the cystoplasm 
divides, each nucleus divides again, 


TABLE V.—Survival of E£. histolytica Cysts on 
Leaf Lettuce in the Field under 
Wet and Dry Conditions 


Time | Guitare | tign of | Weather 

Control | ++ _ _ 
+++ | Wet | Showers, cloudy 

18 +++ | Wet Warm, clear, humid 

48 ———|Wet | Same 

72 ——-— | Damp | Same 
Control | ++ 

0 +++ | Dry Warm, clear, humid 

18 —-—-—|Dry Same 

42 —-—-—|Dry Same 

66 —-—-—|Dry | Same 
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thus producing eight amoebae from 
each cyst. The cysts of ZL. histolytica 
may be considered to be not only a 
resting stage, but also a reproductive 
stage. They are not highly resistant 
to the external environment as are 
the cysts of free-living amoebae. Ex- 
cluding cysticidal agents, their time of 
survival outside the normal host, man, 
is dependent on the environmental fac- 
tors of temperature and moisture. 

In the laboratory studies it was 
found that the time of survival of the 
cysts corresponded very closely with 
the drying time of the contaminated 
sample. Whether the cysts were of- 
fered the additional protection of fecal 
material or merely placed on the sam- 
ples as an inorganic suspension in 
Locke’s solution made no difference in 
the time required for the cysts to 
perish. Apparently, not enough water 
was held by the fecal material to pre- 
vent desiccation of the cysts. Varia- 
tions in drying time produced corre- 
sponding variations in survival time. 
On the basis of these laboratory stud- 
ies it may be stated that the cysts are 
extremely sensitive to desiccation. 
With this fact in mind the field studies 
were conducted in a manner designed 
to minimize the effects of desiccation 
in order to study the effects of tem- 
perature and other miscellaneous en- 
vironmental factors. In spite of these 
precautions, survival time seemed to 
follow rather closely the amount of 
moisture present on or near the con- 
taminated portion of the tomato or 
lettuce. 

When artificial and natural cracks 
were contaminated, the cysts in the 
artificial cracks remained viable for a 
short time (18 hr.), whereas those in 
the natural cracks were not recovered 
after the initial control samples. This 
was to be expected, as the artificial 
cracks probably remain moist for some 
time after being cut, whereas natural 
eracks are covered with rough, dry, 
protective coating, which prevents the 
juices of the tomato from reaching the 
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cysts. In a similar manner, the cysts 
placed in depressions in the soil under 
the test tomatoes were shown to re- 
main viable for 42 hr. when the sur- 
rounding soil was wet, but perished 
after 18 hr. when the soil was dry 
during the time of the test. 

It is significant that tomatoes placed 
in contaminated soil always became 
contaminated with cysts. The cysts 
remained viable on the tomatoes at 
least as long as in the soil itself and 
longer when the soil was in a dry con- 
dition. It is evident, therefore, that 
the link between contaminated soil and 
growing vegetables can be completed 
by direct contact. The transmission 
and spread of E. histolytica depends 
on many such links, of which the weak- 
est is the most important one from the 
standpoint of public health. 

The experiments carried out during 
the summer of 1949 showed that cysts 
survived no longer than three days. 
This summer (1949} was one of the 
driest on record in New Jersey. When- 
ever possible, survival tests were con- 
ducted when these drought conditions 
were least severe. For example, some 
tests were begun immediately after 
some rain had fallen. In spite of this, 
the clear skies and long hours of hot 
sunshine tended to produce unfavor- 
able conditions for survival of cysts of 
such low resistance. 

Conditions in tropical regions, es- 
pecially during the rainy season, would 
probably lead to longer survival pe- 
riods. Beaver and Deschamps (1) 
found that under optimum conditions 
the cysts survived 6 to 8 days in moist 
soil at temperatures ranging from 28° 
to 34° C. These values are probably a 
fairly good indication of the maximum 
time that cysts would survive in soil 
during wet seasons in tropical or sub- 
tropical regions. 

The influence of climate on the sur- 
vival of the cysts of E. histolytica is 
controlled primarily by the factor of 
desiccation. With this fact in mind, 
it is evident that the chain of events 
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leading to the transmission of amoebic 
dysentery can most effectively be 
broken by allowing sufficient time be- 
tween contamination of the soil and 
harvesting of the crops to exceed the 
time of survival of the cysts. In tem- 
perate regions one week of dry weather 
would suffice for this purpose. In 
both temperate and tropical regions 
during periods of frequent and heavy 
rains, the humidity would undoubtedly 
be consistently high enough to prevent 
rapid desiccation of the cysts. Under 
these conditions the natural survival 
period of cysts under optimum condi- 
tions would be the governing factor for 
harvest dates. As the cysts have been 
shown to survive 6 to 8 days in soil, 
at least two weeks between fertilizing 
with contaminating material and har- 
vesting of crops would have to be al- 
lowed for the prevention of the trans- 
mission of amoebic dysentery by this 
vector. 
Conclusions 


On the basis of the laboratory and 
field studies on the survival of Enda- 
moeba histolytica cysts, the following 
conclusions may be stated: 


1. The cysts of £. histolytica are ex- 
tremely sensitive to desiccation. Com- 
plete drying of a cyst suspension re- 
sults in practically instantaneous death 
of the cysts. 

2. The addition of organic matter 
in the form of a fecal suspension does 
not enhance the survival of the cysts 
by offsetting the influence of desicca- 
tion. 

3. Crops growing in the field may 
become contaminated with EF. histo- 
lytica cysts directly during the course 
of irrigating or fertilizing the soil with 
sewage polluted water or night soil, or 
they may be contaminated indirectly 
through contact with the polluted soil 
containing cysts. 

4. Tomatoes and lettuce that have 
become contaminated with the cysts 
are spontaneously decontaminated with- 
in 3 days of dry weather after con- 
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tamination occurred. The time re- 
quired for this spontaneous decontami- 
nation decreases with a decrease in the 
degree of wetness of the soil. 

5. Field-grown crops subject to pos- 
sible contamination with the cysts of 
E. histolytica may be considered safe 
for consumption raw if a period of 
natural decontamination is allowed be- 
tween the last application of the pol- 
luting material and harvesting. In 
the relatively dry temperate zone a 
period of one week is sufficient, where- 
as two weeks should be allowed in the 
wetter tropical regions. 


Summary 


Laboratory and field experiments on 
the survival of Endamoeba histolytica 
cysts applied either in suspension or 
in conjunction with feces to tomatoes 
and leaf lettuce direct, or to soil in 
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which the plants were growing, show 
that the cysts are extremely sensitive 
to desiccation. Addition of organic 
matter in the form of fecal suspensions 
does not enhance survival of the cysts. 
Crops growing in the field may 
become contaminated directly during 
the course of irrigation with sewage 
polluted water or night soil, or indi- 
rectly through contact with polluted 
soil. Contaminated tomatoes and let- 
tuce are free from viable cysts within 
3 days after contamination occurs, the 
time of decontamination decreasing 
with a decrease in the degree of wetness 
of the soil. Field-grown crops con- 
sumed raw and subject to contamina- 
tion with cysts of EF. histolytica are 
considered safe in the temperate zone 
one week after contamination has 
stopped and after two weeks in wetter 
tropical regions. 
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Industrial Wastes 


THE TREATMENT OF PENICILLIN WASTES * 


By Davin L. Muss 
Sanitary Engineer, Heyden Chemical Corp., Princeton, N. J.t 


The discovery of penicillin is credited 
to Alexander Fleming, a Scotch scien- 
tist, who in 1929 found that gram-posi- 
tive streptococci, pneumococci, staphy- 
locoeeci and some gram-negative cocci 
were sensitive to filtrates of broth cul- 
tures of the mold Penicillium notatum. 
He called the antibiotic substance 
penicillin. During the years that fol- 
lowed, penicillin was studied by several 
investigators, but for the most part it 
was forgotten until World War II 
prompted further study. 

In 1940, Florey and Chain isolated 
the drug and one year later ran the 
first clinical tests on human beings. 
These and later tests showed pencillin 
to be an anti-bacterial agent of great 
efficacy against various pathogenic or- 
ganisms, including those responsible 
for pneumonia, peritonitis, venereal 
diseases, meningitis, and blood infee- 
tions. 

Later, a new strain of Penicillium 
notatum was isolated, which unlike 
Fleming’s, could be cultivated in sub- 
merged fermentations. This discovery 
later eliminated troublesome flasks and 
surface cultures and by 1943 had re- 
placed them with deep fermentation 
tanks, making large-scale production 
possible. More recently, streptomycin, 
tyrothricin, aureomycin, and chloro- 
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myecetin have been developed and are 
now commercially produced. It is ex- 
pected that many other antibiotics will 
follow. In 1949, antibiotic sales to- 
taled $170,000,000, giving an indication 
of the magnitude of this new industry. 


Manufacture 

Penicillin is how produced by the 
fermentation of the mold Penicillium 
chrysogenum. Fermentation is accom- 
plished in a number of stages originat- 
ing from a master culture, continuing 
to a pre-seed flask, a seed tank, and 
finally to a deep fermentation tank. 
In each case, the medium or broth 
(consisting of corn steep liquor, lactose, 
water, and mineral salts) is sterilized, 
cooled, and inoculated with the culture 
from the previous stage. The fermen- 
tation is continued for several days, 
during which sterile air is blown 
through the broth and the batch is con- 
stantly cooled to remove the heat of 
fermentation. Occasionally the culture 
becomes contaminated and the batch 
must be discarded. 

The ferment liquor is removed from 
the tanks, the growth inhibited with 
formaldehyde, and the mold or my- 
celium is filtered off and discarded. 
The penicillin is extracted from the 
broth with organic solvents and is then 
refined, dried, and measured into vials. 
The broth is neutralized, distilled to 
remove remaining solvents, and is then 
discarded together with waste process 
waters. 

Plant Wastes 


The spent broth from penicillin man- 
ufacture has a solids content of about 
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20,000 p.p.m. and a B.O.D. of 7,500 
p.p.m. It consists primarily of pro- 
teins, sugars, and organic acids. The 
waste process waters include washings, 
spills, waste acid, caustic, and salts, un- 
recovered solvents, and laboratory 
drainage. They amount to 1.7 gal. per 
gallon of fermented broth and have a 
solids content of 8,000 p.p.m. and a 
B.O.D. of 3,000 p.p.m. The organic 
content of this waste is similar to that 
of the spent broth, but in lower con- 
centration. The spent broth con- 
tributes 59 per cent of the B.O.D., the 
waste process waters contribute 40 per 
cent, and the sanitary wastes 1 per 
cent. 

Contaminated batches are high in 
suspended material, primarily my- 
celium, and have a B.O.D. of about 
12,000 p.p.m. However, as they are 
produced only occasionally and amount 
only to a few thousand gallons in vol- 
ume, they are of relatively minor im- 
portance. 

The mycelium has a solids content of 
150,000 p.p.m. and a B.O.D. of 47,000 
p.p.m. About 1 lb. of wet mycelium is 
produced for each gallon of fermented 
broth. It is a yellow semi-solid material 
and autolizes rapidly, forming a pulpy, 
odorous mass. 

One of the considerations in peni- 
cillin waste disposal is the practicabil- 
ity of solids recovery by evaporation 
of the spent broth and drying with 
the mycelium. These solids have high 
nitrogen, carbohydrate, phosphate, and 
vitamin contents and amount to about 
0.4 lb. per gallon of fermented broth. 
The economics of recovery depend 
largely upon the market value of the 
dried product as a poultry feed. 

The solids recovery considerably re- 
duces the strength and composition of 
the waste. However, the evaporate con- 
tains small quantities of volatile or- 
ganics sufficient to result in B.O.D. 
values averaging 1,400 p.p.m. Evapor- 
ation removes 79 per cent of the B.O.D. 
from the spent broth, or 48 per cent 
based on the composite waste. 
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TABLE I.—Composition of Penicillin Wastes 


Raw | After Solids 
Constituent (p.p.m.) 
B.O.D. 4,030 2,110 
Oxygen consumed 4,050 1,430 
Total solids 12,400 4,300 
Volatile solids 7,150" 1,630 
Suspended solids 1,390 1,170 
Total nitrogen 400 95 
Total sulfur 429 82 
Reducing sugars 943 187 
Ammoniacal nitrogen 131 70 


1 57.7 per cent of total solids. 
2 33.9 per cent of total solids. 


Without solids recovery, the com- 
bined liquid wastes have an average 
B.O.D. of 4,030 p.p.m., with a range 
from 1,020 to 11,000 p.p.m., and a sol- 
ids content of 12,500 p.p.m. When re- 
covery is practiced, the resulting B.O.D. 
averages 2,100 p.p.m., with a variation 
of from 750 to 5,800 p.p.m., and the 
solids content is 5,000 p.p.m. The char- 
acteristics of the two wastes are given 
in Table I. As indicated, there is a 
reduction in oxygen consumed, solids, 
nitrogen, sulfur, and sugar. However, 
these reductions are not proportional 
to that of the B.O.D. reduction. The 
oxygen consumed-B.0.D. ratio of 1.0 
in the raw wastes is decreased to 0.68 
after solids recovery. Similarly, the 
nitrogen—B.O.D. ratio in the raw wastes 
of 0.10 is reduced to 0.045 after solids 
recovery. Suspended solids remain 
constant and the percentage of volatile 
matter in the solids is reduced. 


The Problem 


The development of the submerged 
fermentation of penicillin in 1943 and 
subsequent large-scale penicillin pro- 
duction during the war gave rise to a 
difficult waste disposal problem. Some 
penicillin plants were located in large 
cities, where municipal sewage treat- 
ment plants offered no deterrents to 
the disposal of these wastes. However, 
plants located in small cities—and es- 
pecially those located on watershed 
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areas—found the problem of waste dis- 
posal a serious one. 

The Heyden Chemical Corporation’s 
Princeton, N. J., plant fell into this 
latter group. The plant is located on 
the watershed of the Millstone River, 
which supplies water for several com- 
munities. The only immediate dilution 
available for these wastes was a small 
brook fed principally by waste cooling 
waters from the plant. About two 
miles farther downstream the brook en- 
ters the Millstone River at a point 
about 18 miles above a water intake. 

The Millstone River is of high qual- 
ity and is subject to low dry-weather 
flows. Under normal river flow condi- 
tions, the effect of the raw wastes on 
the river would not be detectable. How- 
ever, under dry-weather conditions, the 
discharge of these wastes in any except 
a highly treated condition would im- 
pose a heavy pollution load upon the 
stream. The New Jersey State Depart- 
ment of Health, therefore, established 
a standard of 30 p.p.m. of B.O.D. for 
the treatment of these wastes. This 
represents a B.O.D. reduction of 99.3 
per cent. 

The original plans of the Heyden 
plant called for the installation of a 
subsurface irrigation system for the 
disposal of the wastes. Shortly after 
this system was completed, it proved 
unsuccessful; the impervious soil per- 
mitted but slight percolation. Lagoon- 
ing was also tried, but resulted in a 
serious odor nuisance and was quickly 
abandoned. Simultaneously, labora- 
tory experiments with waste treatment 
proved unsuccessful due to the toxic 
concentration of solvents in the wastes. 

Subsequently, several sandy areas 
were located some distance from the 
plant. Trucking of the liquid indus- 
trial wastes in tank trucks to these 
areas was begun in October, 1943, and 
has been continued to the present, al- 
though operations have been alternated 
between various locations. The highly 
porous sandy soils of these disposal 
areas have afforded excellent rates of 


SEWAGE AND INDUSTRIAL WASTES 


April, 1951 


percolation and have provided a good 
means of temporary waste disposal. 
The percolated waste appears to have 
no effect on local streams or wells. 
However, the cost of this method of 
disposal is very high. 


Preliminary Research 


Equipment for the recovery of sol- 
vents from the penicillin wastes was 
later designed and placed into opera- 
tion, thus reducing the solvent concen- 
tration in the wastes to below the toxic 
level and making biological treatment 
studies possible. Shortly thereafter, a 
laboratory research program was 
launched, in cooperation with Rutgers 
University, to determine suitable meth- 
ods for the treatment of these wastes. 

On the basis of the two-year experi- 
mental work it was concluded (1) that 
the penicillin wastes were strong and 
that there was considerable variation 
in the strength of the spent broth and 
process waters. It was recommended 
that the wastes be equalized to obtain 
a fairly uniform strength and that all 
solvents be removed to prevent retarda- 
tion or inhibition of biological purifica- 
tion. There appeared to be no differ- 
ence in the behavior of spent broth and 
process waters and they could be con- 
sidered as the same type of material. 
The only effects were those connected 
with strength variation, which was com- 
mon to both types of waste. 

Digestion of the spent broth, process 
waters, or mixtures thereof, appeared 
feasible, but was believed economically 
unsound. Digestion required careful 
control and was recommended only for 
the sludge obtained from the various 
treatment units. 

Aeration of the wastes with dispersed 
growths appeared practical and less 
costly than digestion. Aeration for a 
minimum period of 24 hr. was required 
to obtain high removals. Sand filters 
were found capable of reducing the 
B.O.D. of the effluent from the aeration 
unit to the required final effluent qual- 
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ity if loaded at not greater than 500 
lb. of B.O.D. per acre per day. 

However, advances in the manufac- 
ture of penicillin resulted in changing 
processes, making treatment studies 
difficult. Evaluation of the effects of 
wide variations in the character and 
rate of flow of the wastes and the ab- 
sence of an effective method for the 
study of trickling filter treatment im- 
posed additional problems on the lab- 
oratory studies. 

These limitations indicated the need 
for experimentation on a continuous 
flow, pilot-plant scale. Accordingly, a 
pilot plant was designed by the writer 
for flows ranging from 1 to 30 g.p.m., 
including recirculation, and based on 
very conservative B.O.D. loadings. 
Construction was begun in the fall of 
1946 and was completed in the spring 
of 1947 at a cost of $65,000. 


Pilot Plant 


The pilot plant consisted of a wooden 


building 65 ft. by 25 ft., which housed 
the laboratory, the 15 pumps, the elec- 
trical and flow control panels, five con- 
crete sedimentation tanks, a chlorina- 
tor, and a chlorine contact tank; a 


small wooden building housing a 
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blower and air metering equipment; 
two equalization tanks; a sand filter 
and dosing tank; two aeration tanks; 
two shallow trickling filters; one deep 
trickling filter; a sludge digester; and 
a sludge drying bed (Figure 1). 

The pilot-plant design was based on 
a waste with a B.O.D. of 4,000 p.p.m. 
and a basic flow of 2 g.p.m. (2,880 
g.p.d.). The aerators, trickling filters, 
digester, and sand filter were designed 
to provide treatment for up to 10 
g.p.m. in the event that greater re- 
movals could be obtained than were 
anticipated. The laboratory investiga- 
tions at Rutgers University were used 
as a basis for the design of the aera- 
tion and sand filtration units. 

All flows were pumped from unit to 
unit with the exception of those to the 
sedimentation tanks, which were by 
gravity. Weirs were used to measure 
recirculated flows; rotameters were 
used to measure the flows from unit to 
unit. Air volumes were metered with 
orifices. Gas production from the di- 
gester was metered with a small gas 
meter. The piping was designed to 
handle the maximum flow rates, inelud- 
ing any recirculated flows, and the pip- 
ing arrangement at the panel board 
was made flexible to permit operation 


FIGURE 1.—General view of pilot plant and storage tanks for penicillin waste treatment. 
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of the units in parallel, in series, and 
in various combinations. 

The equalization tanks, each of 2,000- 
gal. capacity, provided for storage, 
neutralization, and primary clarifica- 
tion. Subsequently, continuous feed- 
ing and neutralization was substituted, 
with control by a pH recorder-control- 
ler. 

Each of the two steel aerators pro- 
vided for 12-hr. aeration. The tanks 
were bafiled for spiral flow and were 
each 14 ft. long, 7 ft. deep, and 3 ft. 
wide, with a 6-ft. side water depth. 
Air was distributed through a series of 
porous diffuser tubes. A 70 per cent 
reduction in B.O.D. was anticipated 
after 24-hr. aeration; the effluent from 
these units would thus contain 1,200 
p.p.m. of B.O.D. for a waste with an 
initial B.O.D. of 4,000 p.p.m., assuming 
no removal by primary sedimentation. 

Two shallow trickling filters were 
constructed, with provision for either 
series or parallel operation with re- 
circulation. The filters were expected 


FIGURE 2.—Shallow trickling filters of 
penicillin waste treatment pilot plant. 
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to remove 50 per cent of the applied 
B.O.D. of 1,200 p.p.m. at a loading of 
1.5 lb. of B.O.D. per cubie yard of 
stone. Two 9-ft. diameter filters were 
used, each with a 4-ft. depth of stone 
varying in size from 2 to 4 in. Two- 
arm rotary distributors were used, and 
filter tanks were constructed of 6-ft. 
high wood staves. Vent pipes were 
provided for each filter; foreed ventila- 
tion was provided by air blown through 
a grid of perforated pipe beneath the 
filter (Figure 2). 

The deep trickling filter was designed 
for treatment of the primary trickling 
filter effluents with an estimated B.O.D. 
of 600 p.p.m. The loading was set at 
0.15 lb. of B.O.D. per eubie yard of 
stone and the B.O.D. removal was antici- 
pated at 65 per cent. The filter was 
21 ft. in diameter and contained 8 ft. 
of stone varying in size from 1 to 2 in. 
A motorized ‘‘Aero-filter’’ dise dis- 
tributor was used to distribute the 
waste at rates of from 0.4 to 6.0 
m.g.a.d. over the filter. Vent pipes 
were provided, as were facilities for 
forced ventilation. This tank was also 
constructed of wood staves. 

In order to further reduce the B.O.D. 
of the waste, a slow sand filter was 
provided. The filter was designed to 
treat the secondary filter effluent of 
210 p.p.m. at a B.O.D. loading of 250 
lb. per acre. A two-section filter, 30 
in. deep and 30 ft. square (0.21 acre) 
was constructed, together with a dosing 
tank and two alternating siphons. 

Chlorination for sterilization and 
color removal was included in the 
pilot plant and a hypochlorinator was 
installed for this purpose. The chlo- 
rine contact tank was of wood, tar 
coated, with over-and-under baffles, 
and was designed for a 30-min. contact 
period. 

Five hopper-bottom, monolithic con- 
erete clarifiers provided for sedimenta- 
tion of the effluent from each aerator 
and trickling filter for 1-hr. detention 
periods at a 10-g.p.m. flow rate. 

The digester was a steel tank 6 ft. in 
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diameter and 12 ft. high. It provided 
for a 30-day heated digestion period for 
the sludge, originally estimated at 2 
per cent of the raw waste flow. Take- 
offs at 2-ft. intervals and a mixing 
mechanism were provided. 


Pilot Plant Operation and Results 


Operation of the plant was initiated 
in April, 1947. Studies were made 
with penicillin process waters sepa- 
rately and together with the spent 
broth. Studies were concluded in May, 
1948, after 13 months of continuous op- 
eration, in which the units of the pilot 
plant were arranged in various com- 
binations utilizing different flow, air, 
and recirculation rates; many B.O.D. 
loadings and strengths; and several de- 
tention periods. In all, some 60 com- 
binations of treatment units and a wide 
range of conditions were studied. 

Variations in pH within the range 
of 6 to 8 were found to have no effect 
upon the treatment, but values beyond 
that range resulted in reduced effi- 
ciencies. Primary sedimentation gave 
erratic B.O.D. reductions varying from 
0 to 23 per cent, with an average of 
10 per cent for a 4-hr. sedimentation 
period. 

Optimum efficiencies with aeration 
were obtained with a 20-hour detention 
period and 30 per cent sludge return 
rate. With waste process waters of 
2,100 p.p.m. B.O.D., a 95 per cent 
efficiency was obtained; with the com- 
bined waste of 4,000 p.p.m. B.O.D., an 
efficiency of 89 per cent was obtained. 
During the winter period the efficiency 
dropped about 20 per cent under simi- 
lar operating conditions. The air rate 
required for these efficiencies was 3 cu. 
ft. per hour of aeration per gallon of 
waste treated, or 60 cu. ft. per gallon 
for the 20-hr. aeration period. How- 
ever, although high B.O.D. removals 
were obtained with aeration, consider- 
able foaming occurred, the effluent was 
turbid and difficult to treat on subse- 
quent treatment units, and very large 
quantities of air were required. 
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Most satisfactory results were at- 
tained with deep and shallow trickling 
filters when operated at 15:1 recireu- 
lation ratios. Optimum efficiencies of 
82 per cent were obtained with shallow 
trickling filters when loaded at 3 lb. 
of B.O.D. daily per cubic yard of filter, 
but during the winter season these 
efficiencies dropped to 42 per cent. 
Efficiencies of 97 per cent were ob- 
tained with the deep trickling filter at 
a loading of 0.2 lb. of B.O.D. daily per 
eubie yard of filter, dropping to 80 
per cent at a loading of 1 lb. During 
the winter the efficiency of this unit 
dropped to 57 per cent under optimum 
loading conditions. The reduced effi- 
ciencies of the trickling filter during 
the winter were attributed primarily to 
the accelerated rate of cooling that took 
place at the 15:1 recirculation rates. 
The solution to this problem appears to 
be the use of lower recirculation rates 
during the colder weather. 

Forced ventilation of the deep trick- 
ling filter improved B.O.D. efficiencies 
only when low recirculation rates were 
used. Sludge production from the shal- 
low trickling filters was considerably 
higher than from the deep filter, based 
on the cubic feet of sludge per pound 
B.O.D. removed. 

Sand filters provided optimum effi- 
ciencies of 85 per cent at loadings of 
400 lb. of B.O.D. daily per acre (0.10 
lb. per cubic yard) and with dosing 
rates within the range of 30,000 to 
150,000 g.p.d. per acre. Clogging of 
sand filters occurred frequently, even 
at low loadings, when these units were 
used to treat aerator effluents. Clog- 
ging did not occur when trickling filter 
effluents were treated unless loadings 
in excess of 1,500 lb. per acre were 
applied. 

During the pilot-plant experiments 
quantities of solvents could be detected 
in the waste. Erratic purification re- 
sults that were obtained at times from 
certain of the treatment units were 
probably related to toxic solvent con- 
centrations. This was evidenced by 
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unusually high effluent values obtained 
from several parallel treatment units 
operated simultaneously. 

Digestion of the sludge from the 
various processes proceeded rapidly at 
a temperature of 75° F. when seeded 
with digested sludge, and was com- 
pleted in 18 to 25 days, depending on 
its origin. Mycelium was found to di- 
gest satisfactorily in 25 days with a 
1:4 volatile seed to raw ratio. Diges- 
tion of the raw waste gave extremely 
erratic results and a low order of 
B.O.D. removal. 

Biological treatment was found to 
remove little of the 2,000-p.p.m. ini- 
tial color of the raw waste. A 500- 
p.p.m. chlorine dosage was required 
for a 65 per cent color removal and a 
1,000-p.p.m. dosage was required for 
a 95 per cent removal. Activated car- 
bon required a 1 per cent dosage for 
complete color removal; coagulents 
were unsuccessful for this purpose. 

A graphical summary of B.O.D. effi- 
ciencies is given in Figure 3, which 
indicates the optimum as follows: deep 
trickling filter, 97 per cent; aerator, 96 
per cent; sand filter, 85 per cent; and 
shallow trickling filter, 82 per cent. 
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The unit most effective at high loadings 
is the aerator, followed in order by the 
shallow, deep, and sand filters. 

Figure 4 illustrates the B.O.D. re- 
movals per cubic yard of treatment 
unit capacity per day for various load- 
ings. It is interesting to note that the 
absolute B.O.D. removals as indicated 
in Figure 4 all fall within a relatively 
narrow band of values. The deep filter 
gave the widest range of removals, 
whereas the aerator gave the highest 
removal per unit capacity. 


Treatment Methods 

Since waste process waters may be 
treated satisfactorily with either the 
spent broth or with the spent broth 
evaporate, the problem of penicillin 
waste disposal resolves itself into a 
comparative study of the economies of : 
(1) the treatment of all of the com- 
bined liquid wastes; and (2) by-prod- 
uct recovery followed by treatment of 
the remaining wastes. 

Several combinations of units are 
available for the treatment of the liq- 
uid wastes. Each includes neutraliza- 
tion, primary clarification, biological 
treatment, chlorination, and separate 
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FIGURE 3.—Comparative B.O.D. efficiencies in penicillin wastes treatment. 
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FIGURE 4.—Comparative B.O.D. removals in penicillin wastes treatment. 


sludge digestion. Biological treatment 
combinations employing trickling fil- 
ters offer fewest operating difficulties 
and lowest operating costs. The aera- 
tion and trickling filter units in each 
method require secondary clarification. 
These processes are as follows: 


A. Shallow trickling filtration fol- 
lowed by deep trickling filtration. 

B. Three-stage shallow trickling fil- 
tration. 

(. Two-stage deep trickling filtration. 

D. Deep trickling filtration followed 
by sand filtration. 

E. Two-stage shallow trickling filtra- 
tion followed by sand filtration. 

F. Aeration followed by deep trick- 
ling filtration. 


These treatment processes are indi- 
eated in Figure 5 and are each capable 
of removing 99.3 per cent of the B.O.D. 
and of producing an average effluent of 
30 p.p.m. from a raw waste of 4,030 
p.p.m., whether or not preceded by sol- 


ids recovery. These results are based 


on 15:1 recirculation of trickling filter 
effluents and 30 per cent sludge return 
in the aeration system. 

Without recovery, 10 per cent of the 
B.O.D. is removed by primary clarifica- 
tion and 89 per cent by biological treat- 
ment. With by-product recovery, 47.7 
per cent of the B.O.D. is removed by 
recovery, 5.2 per cent by primary clari- 
fication and 46.4 per cent by biological 
treatment. 

Methods A, B, and C offer the lowest 
operating costs and most trouble-free 
operation. Method C offers greatest 
consistency of results, followed in order 
by A and B. Methods D and E offer 
higher operating costs, due to expen- 
sive sand cleaning and replacement. 
Clogging problems are encountered, 
but a good consistency of results is 
obtained. Process F offers low first 
costs, but has the disadvantage of se- 
vere foaming, high power consumption, 
and large quantities of sludge pro- 
duced. 
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FIGURE 5.—Processes for the treatment of penicillin wastes. 
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Summary and Conclusions 


Pilot-plant studies by the Heyden 
Chemical Corporation with numerous 
types of waste treatment indicate that 
the wastes from penicillin readily re- 
spond to almost all methods of treat- 
ment. Due to their high strength, 
however, special operating procedures 
and either two or three oxidation units 
are required. The addition of sanitary 
sewage to the industrial waste is neces- 
sary to provide the proper microorgan- 
isms for biological treatment. The ni- 
trogen and phosphorus contents are 
sufficient for proper growth and no 
supplemental additions are necessary. 

When only partial treatment is re- 
quired, as in the ease of discharge into 
a municipal treatment plant or a large 
body of water, short-period aeration 
offers the most economical method of 
treatment per pound of B.O.D. re- 
moved; but when complete treatment 
is required, shallow trickling filtration 
followed by deep trickling’ filtration 
offers the most. satisfactory method, 
with lowest operating costs and mini- 
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mum sludge volumes. However, the 
first cost may be lower with one of the 
other trickling filter combinations. The 
mycelium may be dried, treated by di- 
gestion, or buried. Superchlorination 
will effectively remove a substantial 
portion of the color. 

It is felt that the expenditures for 
the construction and operation of the 
pilot plant have been more than justi- 
fied by the development of several 
treatment methods, which could not 
have been adequately studied in the 
laboratory. These methods will pro- 
duce over-all B.O.D. reductions as high 
as 99 per cent, with corresponding 
B.O.D. effluent values of 30 p.p.m. 

This paper has been devoted only to 
a discussion of the wastes from the 
manufacture of penicillin. However, 
intensive study has been given to the 
treatment of streptomycin wastes alone 
and in combination with penicillin 
wastes. It has been found that the 
same general methods of treatment are 
applicable to both wastes, and it is ex- 
pected that the wastes from the other 
antibiotics will follow similar trends. 


References 


1. Rudolfs, W., and Heukelekian, H., ‘‘ Peni- 
cillin Waste Treatment Progress Re- 
ports to the Heyden Chemical Corpora 
tion.’’ Unpublished. (1945, 1946, 
1947). 

2. Rudolfs, W., and Del Guercio, V., ‘‘Sand 
Filtration of Some Organic Wastes.’’ 
Water and Sew. Works, 94, 9, 349 
(1947). 

3. Muss, David L., 


**Disposal of Penicillin 


Wastes—A Report to the 
Chemical Corporation.’’ 
(1948). 

. Heukelekian, H., ‘‘Characteristics and 
Treatment of Penicillin Wastes.’’ 
Ind. Eng. Chem., 41, 1535 (1949). 

Muss, David L., ‘‘Handling Antibiotic 
Wastes.’’ Water Pollution Abatement 
Conference, Manufacturing Chem. Assn. 
Unpublished. (1950). 


Heyden 
Unpublished. 


: 
ren 
: 
3 
ay 
: 
| 
| 
| 
| 
| 
j 


ADSORBENTS IN WASTE WATER TREATMENT— 
DYE ADSORPTION AND RECOVERY STUDIES 


By H. A. THornton anp J. R. Moore 
Chemical Engineers, Research Division, Atiapulgus Clay Co., Philadelphia, Pa. 


In the postwar period, industry has 
become increasingly aware of the need 
to clean up waste effluents and reduce 
stream pollution and is taking an ac- 
tive interest in methods of waste treat- 
ment. The standards for the quality 
of a waste effluent are gradually becom- 
ing more rigid and a treatment con- 
sidered entirely satisfactory a few years 
ago is often considered unsatisfactory 
today. 

There are several types of waste 
materials that do not readily lend 
themselves to standard methods of 
waste treatment. Important among 
these are organic substances not read- 
ily treated by aerobic digestion, includ- 
ing: 

1. Tars, oils, and greases. 

2. Dyes. 

3. Toxie chemicals. 

4. Taste and odor producing sub- 
stances. 


Dyes are particularly difficult to re- 
move by standard methods of waste 
treatment. They are unusually stable 
to light and oxidizing agents, and are 
resistant to aerobie digestion. In view 
of the successful use of fuller’s earth 
and bauxite for the removal of color 
bodies and other impurities, particu- 
larly from petroleum products, use of 
these adsorbents for treatment of dye 
wastes has been investigated in the 
laboratory. 

Granular fuller’s earth and bauxite 
have been used for many years in large 
commercial filters for removing the 
color bodies from lubricating oils, 
waxes, and sugars (1). Some 70,000 
tons of these materials are consumed 


per year in the process employing fixed 
adsorbent beds and repeated use of the 
adsorbent by thermal regeneration. 

The successful large-scale use of ad- 
sorbents in the petroleum and sugar 
purification fields has encouraged con- 
sideration of their use in other fields. 
Strain (2) and Zechmeister and 
Cholnoky (3) refer to the use of these 
adsorbents in various phases of 
chromatography. Mutch (4) has found 
that many dyes in water solution are 
adsorbed by bauxite; Parsons (5) 
states that fuller’s earth has a good 
capacity for adsorbing basic dyes from 
water solution. 

This paper presents the results of a 
laboratory investigation of the dye ad- 
sorbing properties of two widely used, 
inexpensive adsorbents—fuller’s earth 
and bauxite. Synthetic dye wastes 
used in the investigation contained 
dyes, acids, and salts commonly en- 
countered in waste water from dye 
manufacture or textile dyeing opera- 
tions. 


Apparatus and Methods 


Laboratory apparatus used for 
studying the adsorption of dyes from 
aqueous solution by granular adsorb- 
ents consisted of a vertical fixed-bed 
column fed by gravity flow from a 
5-gal. bottle through a constant head 
device. The adsorbent column was a 
pyrex tube holding approximately 200 
ml. of adsorbent supported on a glass 
wool plug in a constricted portion of 
the tube. Rate of flow was controlled 
by a stopeock at the outlet of the ad- 
sorbent column. A sketch of the ap- 
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paratus as used for upflow and down- 
flow is shown in Figure 1. 

In normal operation the percolation 
column was filled with dye solution 
and allowed to soak for 30 min. to 
displace all air. The flow of dye so- 
lution was then started and regulated 
to the desired space velocity as indi- 
cated by the rate of flow of effluent. 

In most percolations a quantity of 
substantially dye-free effluent was pro- 
duced initially, after which there was 
a break in the adsorption curve and 
the concentration of the dye in the 
effluent began to rise. 

To determine the degree of dye re- 
moval, effluent liquid was analyzed for 
dye concentration by means of a Beck- 
man spectrophotometer. The light ad- 
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sorption was compared to that for 
standards of known dye content. Per- 
colation was continued until the con- 
centration of dye in the effluent reached 
one-half that of the initial. The ad- 
sorbent was then blown free of aqueous 
dye solution, using air, and was re- 
generated by one of several procedures, 
some of which involved dye recovery. 
The procedures used for regeneration 
are discussed hereinafter in the section 
on ‘‘Adsorbent Regeneration and Dye 
Recovery.’’ All percolations were con- 
ducted at atmospheric pressure and 
room temperature. 

With both fuller’s earth and bauxite, 
a plot of the concentration of dye in 
effluent against the cumulative volume 
of percolated dye solution (volume 
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FIGURE 1.—Laboratory percolation columns for dye adsorption studies. 
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yield) gives a curve with a sudden 
break where dye adsorption begins to 
fall off. The intercept of the steep 
slope of the curve with the abscissa has 
been taken as the ‘‘end point’’ or 
“*break point’’ of the dye adsorption 
cycle (see point D, Figure 2). This 
represents the volume of dye solution 
which may be adsorbed without ap- 
preciable dye concentration in the 
effluent. 
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Materials Used 


Several aqueous dye solutions, which 
were thought to be representative of 
commercial spent dye liquors or waste- 
water effluents, were prepared. The so- 
lutions were prepared at a concentra- 
tion of 200 p.p.m. of dye in distilled 
water. Acids or salts were added to 
approximate spent dye-bath conditions. 
The types and concentrations of pre- 
pared liquors were as follows: 


Type of Dye 


Dye! 
200 p.p.m. 


Acid or Salt 


1. Mono azo acid 

2. Palatine mordant acid 
3. Direct tetra-azo 

4. Basic 

5. Chrome-metallized 

6. Direct 

7 


. Acid mordant 


Caleocid orange Y 
Calcochrome brown RV 
Caleodur red 8 BL 
Caleozine blue B 
Caleofast wool yellow R 


Calcomine black 
Caleocid green S 


100 p.p.m. 98% sulfuric acid 
100 p.p.m. glacial acetic acid 
10 p.p.m. sodium carbonate 
600 p.p.m. glacial acetic acid 
480 p.p.m. 98% sulfurie acid 
p.p.m. sodium carbonate 
100 p.p.m. sodium chloride 
100 p.p.m. 98% sulfuric acid 


1 Dyes furnished by the Calco Division, American Cyanamid Company. 


The adsorbent has considerable ca- 
pacity for dye beyond the break point 
and most percolations were carried fur- 
ther to a point where the effluent dye 
concentration was equal to one-half 
that of the influent; that is, C./Co = 
0.5, in which C, is the concentration of 
dye in the effluent and Cp is the con- 
centration of dye in the influent. 

The total dye adsorbed to the break 
point is approximately equal to the 
total dye in the influent. The total 
dye adsorbed to the C,./Co = 0.5 end 
point is represented by the total dye in 
the influent less the total dye in the 
effluent. 

These end points have been arbi- 
trarily selected as a basis for comparing 
the performance of the various dyes 
and adsorbents tested. Commercially, 
adsorbent beds of greater depth are 
used than can be conveniently operated 
in a laboratory evaluation. Hence, 
somewhat improved results may be ob- 
tained in pilot-plant or commercial op- 
eration. 


Some percolations were carried out 
with less concentrated dye liquors pre- 
pared by dilution of the 200 p.p.m. dye 
solution with distilled water. All dyes 
were completely soluble at room tem- 
perature in the concentrations studied. 

The adsorbents used in the study 
were granular activated bauxite and 
granular Georgia-Florida type fuller’s 
earth. The physical and chemical 
characteristics of the activated granu- 
lar products are given in Table 1. 


Discussion of Results 


The dye adsorbing capacity of baux- 
ite and fuller’s earth for a number of 


dye liquors is given in Table II. The 
effect of space velocity on the quantity 
of dye adsorbed from two dye liquors 
is given in Table III. The effect of 
space velocity on the adsorption of 
Caleodur red 8 BL using activated 
bauxite is shown graphically in Figure 
3. The effect of initial dye concentra- 
tion on the quantity of dye adsorbed is 
given in Table IV, and part of this 
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FIGURE 2.—Concentration of dye in effluent vs. volume yield. 


data is represented graphically in Fig- 
ure 4. 
Some dyes were adsorbed with rela- 


TABLE I.—Physical and Chemical 
Characteristics of Activated 
Bauxite and Fuller’s Earth 


| Activated | 
Bauxite! | 
| Fuller's 


Determination 


Sample} Sample 
B 


Oo! 


Bulk density (Ib./cu. ft.) 

Surface area (sq. m./g.) 

Tyler mesh (% by weight): 
+16 


ao 


~ 


wo 


T/80 
Volatile material* (% by 
weight 
Chemical analysis‘ (% by 
weight): 
8i0: 
MgO 
Fe20; 
TiO: 
CaO 
(by difference) 
Undetermined 
Activation temp. (° F.) 


> 
a 


Jarl | 
w 
ND 


8 


?Porocel, furnished by Porocel Corp., 
Philadelphia, Pa. 

* Attapulgus clay, furnished by Attapulgus 
Clay Co., Philadelphia, Pa 

3 At 1,800° F. 

* Volatile-free basis. 

TiO:, K,0, etc. 


tively high efficiency ; others, with poor 
efficiency. The variation in results ob- 
tained may be due to inherent proper- 
ties of the dye or adsorbent, but other 
factors not investigated, such as pH 
and temperature, also may have an in- 
fluence on the results. 

Space velocity has a very pronounced 
effect on the quantity of dye adsorbed, 
best results being obtained at low space 
velocities. This is thought to be caused 
by variations in the rate of diffusion 
of the dye liquor into the granular ad- 
sorbent. Activated bauxite does not 
break down in water and is in general 
a better adsorbent than fuller’s earth 
for dyes. However, fuller’s earth 
shows a high capacity for adsorption 
of some dyes, breaks down only slightly 
in water, and, in view of its low cost, 
shows considerable promise as an ad- 
sorbent in waste water treatment. 

Initial dye concentration also has a 
very marked effect on the quantity of 
dye adsorbed, best results being ob- 
tained with high initial dye concentra- 
tions. The curves in Figure 4 repre- 
sent the variation of the quantity of 
dye adsorbed with initial concentration 
of dye. It can be concluded that more 
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FIGURE 3.—Dye adsorbed to C./C, = 0.5 vs. space velocity. 


TABLE II.—Dye Adsorbing Capacity 


Dye Adsorbed to Dye Adsorbed to 


Adsorbent Dye Space Ve- | “Break Point C./Co=0.5 
locity! 
vol./ 
Type | Sample! Liquor Type ) (Ib.)? (gal.)* (Ib.)? (gal.)* 


Bauxite A Calcochrome Palatine 0.984 117 70,000 202 121,000 
brown RV, 200 p.p.m.; mordant i 
glacial acetic acid, 100° p.p.m. | acid 1 


Caleodur Direct 1.20 
red 8 BL, 200 p.p.m tetra-azo 


sodium carbonate, 100 p.p.m. 


Bauxite 80.4 60,500 


Bauxite Cee wool Chrome 
yellow R, 200 p. metallized 


98% sulfuric Aa 480 p.p.m. 


0.80 55,000 


Fuller's Calcofast wool Chrome 1.17 
earth yellow R, 200 p metallized 


98% sulfuric Any 480 P.p.m. 


7,100 


Caleozine Basic 0.75 
blue B, 200 p.p.m 


glacial acetic acid, 600 p.p.m. 


Bauxite 10,800 


Fuller's Caleozine 
earth blue B, 200 p 
glacial acetic ‘600 p.p.m. 


Caleocid Acid 
orange Y, 200 p.p.m.; mordant 
98% sulfuric aan 100 p.p.m. 


Calcocid Acid 
orange Y, 20 p mordant 
98% sulfuric p-p.m. 


Basic 0.88 


Bauxite 


3,500 


Bauxite 14,300 


Bauxite A Caleomine Direct 0.76 1.0 | Very small 1.6 | Very small 
black, 200 p.p.m.; 

sodium carbonate, 400 p.p.m.; 
sodium chloride, 100 p.p.m 


Bauxite A Caleoeid Acid 0.99 0.8 | Very small 1.8 | Very small 
green 8, 200 p. mordant 
58% sulfuric Yoo p-p.m. 


1 Volume per volume per hour. . 
? Pounds of dye per ton of adsorbent. 

* Gallons of dye liquor per ton of adsorbent. 

* Not obtained, as it was estimated to require 9 months continuous percolation. 
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“T Adsdrbent FActivpted Gauxite 
Dye 
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Initial Dye Concentration (PPM) 


FIGURE 4.—Dye adsorbed to break point vs. initial dye concentration. 


efficient utilization of adsorbent will be 
realized if dye wastes are adsorbent- 
treated prior to dilution by other waste 
water effluent from a plant. 


Adsorbent Regeneration and 
Dye Recovery 


To make adsorbent treatment of 
aqueous dye wastes economical, it is 
necessary to regenerate and re-use the 
adsorbent after it has become saturated 
with dye. This may be accomplished 
in the case of refractory adsorbents 
(such as fuller’s earth and bauxite) 
by burning off the adsorbed dye at 
temperatures up to 1,100° F. Com- 
plete removal of carbonaceous material 


was accomplished in these experiments 
by heating spent adsorbent in an ex- 
ternally gas-fired rotary kiln at 1,000° 
F. for 30 min. An oxidizing atmos- 
phere was maintained by passing a 
small volume of air through the kiln. 

Further economy in the dye adsorp- 
tion process would result if a portion 
of the adsorbed dye could be recovered. 
Three regeneration procedures directed 
toward this end, using dye leaching so- 
lutions, were investigated. The first 
procedure consisted of percolating a 50 
per cent solution of acetone in water 
through the spent adsorbent at room 
temperature until the effluent showed 
only traces of dye. The acetone solu- 


TABLE III.—Effect of Space Velocity on Quantity of 


Type Dye Liquor Space Velocity! 


Dye Adsorbed on Bauxite, Sample A 


ve Ads 
Initial Dve Con- Dye Adsorbed (Ib./ton adsorbent) 
centration 
(p.p.m.) 


To Break Point To C./Co=0.5 


Calcodur red 8 BL 


Calcozine blue B 


200 
200 
200 


80.4 
28.0 
12.5 


101.2 
82.6 
21.6 


200 
200 
200 


16.2 
14.8 
5.0 


! Volume per volume per hour. 


70 
50 
Blue 
40 

30 
|| 
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| 

| § 
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| 
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4.5 

0.75 
eg 
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|TABLE IV.—Effect of Dye Concentration 
(Space Velocity, 1.0 Vol./Vol./Hr.) 
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Initial Dye 
Type Dye | Concentra- 
iquor tion 
(p.p.m.) 


Dye Ad- 


sorbed to 
Break Point 
(Ib.)! 


Dye Ad- 
sorbed to 
Ce/Co=0.5 

(Ib.)! 


(a) ActivaTep Bauxite, SAMPLE A 


Caleozine 2.0 
blue B 20.0 
200.0 


0.64 
3.36 
14.70 


1.40 
5.64 
18.00 


(b) Eartu 


Calcozine 2.0 
blue B 20.0 
200.0 


2.53 
29.00 
60.40 


? Pounds per ton of adsorbent. 


tion was passed in the same direction 
as the preceding dye solution. Follow- 
ing this, the adsorbent column was 
flushed with a small volume of water 
to displace the acetone solution and 
was then ready for the next cycle of 
dye adsorption. The second procedure 
consisted of percolating through the 
spent adsorbent a 6 per cent solution 
of tri-sodium phosphate in water at 
200° F., followed by a hydrochloric 
acid-water solution at room tempera- 
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ture containing 150 p.p.m. hydrochlo- 
rie acid. As in the first procedure, a 
final water flush was used to remove 
acid and phosphate. The third pro- 
cedure consisted of percolating through 
the spent adsorbent at room tempera- 
ture a solution composed of 12.5 per 
cent hydrochloric acid, 75 per cent 
acetone, and 12.5 per cent water. The 
regeneration procedure was otherwise 
the same as described in the two pre- 
vious procedures. 

The three types of wash liquors were 
treated as follows for recovery of dye. 
Recovery from the 50 per cent acetone 
solution was accomplished by distilling 
off the acetone and adding sodium chlo- 
ride to salt-out or precipitate the dye, 
which was then recovered by filtration. 

The 6 per cent tri-sodium phosphate 
solution was treated with sodium chlo- 
ride to salt-out the dye, which was re- 
covered by filtration. 

The hydrochloric acid-acetone-water 
mixture was neutralized by adding tri- 
sodium phosphate and the solution was 
distilled to remove acetone. The 
residue was dissolved in water and salt 
added to precipitate the dye, which 
was then separated by filtration. 

The decolorizing efficiency of bauxite 


TABLE V.—Regenerated Adsorbent Efficiency and Dye Recovery ' 


Type Dye Liquor 


Method of Regeneration 


Recovery of Ad- 


Efficiency in sorbed Dye in 
Sixth Cycle (%) 


Sixth Cycle? 


Calcodur red 8 BL 
Calcodur red 8 BL 


Burning at 1,000° F. ¢ 0 


Washing with hydrochloric acid, 
12.5%; acetone, 75%; water, 
12.5% 

Burning at 1,000° F. 

Washing with hot 6% tri-sodium 
phosphate followed by water 
acidified to a concentration of 
150 p.p.m. with hydrochloric 
acid 

Burning at 1,000° F. 

Washing with acetone 50% and 
water 50% 

Burning at 1,000° F. 


Calcocid orange Y 
Calcocid orange Y 


Calcozine blue B 
Calcozine blue B 


Calcofast wool yellow R 


1 Adsorbent, bauxite, sample B; dye concentration, 200 p.p.m.; space velocity, 2 volumes per 
volume per hour. 
* As per cent of first cycle. 
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(sample B) after six cycles of dye ad- 
sorption and regeneration, together 
with dye recovery data, is given in 
Table V. 

In regeneration by burning, the effi- 
ciency of the adsorbent after six cycles 
shows only a slight loss, except in the 
ease of Calcofast wool yellow R, a 
chrome dye. Adsorbents probably can- 
not be successfully regenerated by 
burning in the case of dyes leaving 
non-volatile inorganic residues. 

Regeneration by solvent washing 
with dye recovery appears feasible 
based on the tests carried out. Suitable 
leaching solutions can no doubt be 
found for desorbing other dyes, mak- 
ing dye recovery possible. 


Summary 


Adsorbent treatment of waste water 
with fuller’s earth and activated baux- 
ite for the removal of dyes from waste 
water, to prevent stream pollution, has 
been investigated in the laboratory. 
The adsorption characteristics for a 
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number of typical dyes in aqueous so- 
lution have been determined. 
nomical adsorption of dyes would re- 
quire the regeneration and re-use of the 
adsorbent. For dyes containing no 
metallic constituents, successful regen- 
eration by burning has been shown to 
be practical. As a possible further 
economy the regeneration of the ad- 
sorbents by means of solvents or salt 
solutions, with subsequent recovery of 
dye, has been found feasible for some 
of the dyes investigated. 

The encouraging results obtained in 
this laboratory investigation indicate 
that further study of dye and similar 
waste treatment using inexpensive ad- 
sorbents is justified. 
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B.O.D. DETERMINATION OF TRADE WASTE SAMPLES 
IN ADMIXTURE WITH SEWAGE 


By W. E. Asport anp R. J. Fearn 


Chemist and Assistant Chemist, Sewage Disposal Department, Nottingham Corporation, 
Nottingham, England 


A trade waste sample containing or- 
ganic matter may register a low dis- 
solved oxygen absorption because the 
composition of the dilution lies outside 
the range in which the responsible or- 
ganisms can work actively. Additions, 
such as nitrogen and phosphates, to the 
diluting water have been suggested to 
overcome the difficulty (1). It has be- 
come customary in the Nottingham 
sewage laboratory to add settled sew- 
age as the best means both of insur- 
ing the presence of all the essential 
nutrients and of supplying a large seed- 
ing of the necessary organisms them- 
selves. The dissolved oxygen absorp- 
tion of the sewage sample used _ is 
determined separately, thereby ena- 
bling the calculation of a value for its 
share of the absorption in the mixture. 
This is subtracted from the recorded 
absorption of the mixture and the re- 
sulting balance is debited to the waste. 
The assumption is made that the settled 
sewage registers the same absorption 
whether alone or in admixture. 


Procedure 


Let A be the suitably diluted trade 
waste sample and B the suitably di- 
luted settled sewage. Then suppose x 
parts of A are mixed with y parts of 
B and the mixture absorbs q parts of 
oxygen. Finally, let p parts be the 
dissolved oxygen loss of B. The absorp- 
tion due to the waste sample in the 
mixture on these assumptions is 


Absorption =9—p( ) (1) 


In terms of the dilution A, itself, the 


absorption is 


rt+y 
Absorption = | (2) 
It is merely necessary to multiply the 
resulting value by the degree of dilu- 
tion of A to get the B.O.D. of the trade 
waste sample when supplied with the 
nutrients it would possess if mixed 
with that proportion of sewage. 

Calculation is easiest when equal vol- 
umes of the waste and sewage dilutions 
are used in the mixture. In this case, 
Eq. 2 reduces to 


Absorption = (2q— 4p) 


When a number of mixtures of A 
and B are made, the calculated absorp- 
tion sometimes increases as the sewage- 
waste ratio increases. 


Experimental Results 


Dilutions of various wastes and set- 
tled sewage were made and incubated 
separately and when mixed in various 
proportions. The waste was, of course, 
neutralized and seeded before starting. 

It was anticipated that the samples 
of waste would fall into three groups 
according as to whether the absorption 
of the mixture was greater than, equal 
to, or less than that caleulated from the 
separate incubation of the constituents. 
This might possibly serve as a three- 
fold primary classification of trade 
waste samples. The facts were rather 
different. No cases oceurred where the 
actual absorption was less than calcu- 
lated. Several cases were found where 
it was more. In the majority, the caleu- 
lated and experimental values of the 
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mixture were approximately the same. 

Gas liquor was an outstanding ex- 
ample of increased absorption in ad- 
mixture. It was necessary in this case 
to use the azide method of determining 
dissolved oxygen. The first sample sub- 
mitted to the suggested procedure gave 
the results recorded in Table I. Obvi- 


TABLE I 


Dissolved Oxygen Loss 
in 5 Days at 65° F 
(p.p.m.) 


Gas Liquor Dilution 
Settled Sewage Dilution 
1:1 Mixture 


ously, the gas liquor absorbed much 
more in admixture than either con- 
stituent. By the use of Eq. 3 the ab- 
sorption in the mixture was 4,970 
p.p.m., as against 1,460 p.p.m. when 
incubated alone. Later experiments 
gave similar results. In the ease cited 
in Table II, the time of incubation was 


TABLE II 


Dissolved Oxygen 
Loss on Incubation 
at 65° F. (p.p.m.) 


2-Day 3-Day 


1.85 
1.59 
3.80 (B) 
6.71 
6.96 
6.17 


Gas Liquor 1/600 dil.(A) 
Gas Liquor 1/1,200 dil. 
Settled Sewage 1/40 dil. 
3A:1B Mix. 

1A:1B Mix. 

1A:2B Mix. 


1.39 
1.33 
2.93 
5.37 
5.67 
5.09 


| 
| 
| 
| 
| 
| 


reduced to allow the use of stronger 
dilutions. Once again the absorptions 
of the mixes are all greater than the 
absorption of either constituent. The 
absorptions calculated as p.p.m. of the 
gas liquor sample are given in Table 
III. They are calculated in the usual 
way when incubated alone, and by Eq. 
2 in the case of mixtures. The ratio of 
settled sewage to waste in the incu- 
bated bottle is given in Col. 1. 

The B.O.D. of the gas liquor is ob- 
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TABLE III 


Dissolved Oxygen Absorption 
(p.p.m.) of Gas Liquor 
Incubated for 


Settled Sewage 


Ratio 
Gas Liquor 


2 Days 3 Days 


Nil (1/600) 834 
Nil (1/1,200) 1596 

5 3728 

15 5040 

30 5634 


1110 
1908 
4608 
6072 
6534 


viously dependent to some extent on 
the degree of dilution. It is equally 
apparent that the caleulated B.O.D. 
of the gas liquor in various mixtures 
tends to an upper limit of about 6,500 
p.p.m. in three days. 


B.O.D. of Mixtures of Trade Wastes 


The organisms causing the loss of 
dissolved oxygen in the B.O.D. test re- 
quire certain nutrients. A mixture 
of wastes from two industries is, there- 
fore, more likely to be within the neces- 
sary range than either waste alone. A 
gas liquor and the neutralized effluent 
from a plant making sulfa drugs were 
each seeded with sewage and incubated 
after suitable dilution alone and in 
admixture; Table IV shows that the ab- 
sorption of the mixture was greater 
than either constituent. 


Alternative Variations in Suggested 
Procedure 

A trade waste is usually mixed with 
domestie sewage and other trade wastes 
in the sewers. It is, therefore, the ef- 
fect it will exert on the analysis of the 
mixture that is of most concern. The 
maximum B.O.D. recorded in admix- 


TABLE IV 


Loss of Dissolved Oxygen 
in 5 Days at 65° F. 
(p.p.m.) 


6.26 


Gas Liquor Dilution 

Organic Chemical 
Waste 

1:1 Mixture of Above 


3.28 
6.61 


| 
| 
| 
| 
| 
2.92 
6.81 

8.37 
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ture with sewage is the most probable 
measure of the load imposed on the 
river or purification device by the pres- 
ence of the waste in the sewage. 

Other analysts, fearing that the pres- 
ence of the waste may in fact stimulate 
the absorption of the sewage in the mix- 
ture, may not feel disposed to use such 
large proportions of settled sewage in 
the mixture. It is indeed true that in 
most of the cases investigated the waste 
would exert approximately its maxi- 
mum demand when one volume of sew- 
age dilution is mixed with three vol- 
umes of the suitably diluted waste. 
Using the previously defined symbols, 
the absorption due to the waste at di- 
lution A would be 


Absorption = 


Mixture of the sewage and waste 
may be done before dilution, but the 
calculations are more difficult. 


Discussion 
The Royal Sewage Commission was 
aware of the necessity of insuring that 
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B.O.D. results were additive in admix- 
ture (2). The suggested procedure 
would insure this so far as sewage is 
concerned. 

It must not be forgotten that un- 
usual results may arise from the inter- 
ference of some compound in the waste 
with the method of determining dis- 
solved oxygen. For example, it was 
impossible to determine the dissolved 
oxygen of dilutions of the gas liquor 
used by the Rideal-Stewart method. 

Plating wastes and purely inorganic 
wastes were not considered. 
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A SALINIMETER FOR DENSITY CURRENTS 


A meter for recording the salt con- 
centration at different depths in a body 


of water has been designed by G. H.° 


Keulegan of the National Bureau of 
Standards. The instrument is equally 
effective in still or flowing water. Al- 
though the salinimeter was built origi- 
nally for laboratory use, it may be 
adapted easily to observations in rivers 
and other navigation channels. 

A typical problem for the salinimeter 
would be the measurement of salt wa- 


ter intrusion from the Atlantic Ocean 
into Chesapeake Bay, or from the Bay 
into one of the tributary rivers. The 
dispersion of salt in an internal navi- 
gation channel behind a lock can also 
be measured with the instrument. 

In wastes treatment the device would 
have application in studying diffusion 
and movement of sewage discharged 
into sea water, as well as in sedimenta- 
tion tank studies and other research in 
plant hydraulics. 
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Stream Pollution 


SURVEY OF INDUSTRIAL WASTES IN THE LAKE 
HURON — LAKE ERIE SECTION OF THE 
INTERNATIONAL BOUNDARY WATERS * 


Part I. 


Introduction and Canadian Section 


By A. E. Berry 


Director, Sanitary Engineering Division, Ontario Department of Health, Toronto, Canada 


The vast waterway system marking 
the boundary between the United 
States and Canada is vital to both 
countries. The manifold uses which 
these waters now serve make it impera- 
tive that nothing shall jeopardize this 
unequalled international asset. These 
waters are utilized, among other things, 
for domestic and industrial water sup- 
plies, sanitary purposes, shipping and 

recreation, power, and 
This discussion is concerned 
primarily with those factors which may 
influence the sanitary quality of the 
waters or may adversely affect recrea- 
tion and wild life. 


commerce, 
drainage. 


The Boundary Waters Treaty 


The significance of pollution in these 
boundary waters is revealed in a treaty, 
signed in 1909, between the United 
States and Great Britain. This treaty 
stipulated, in Article IV, that bound- 
ary waters and waters flowing across 
the boundary shall not be polluted on 
either side to the injury of health or 
property on the other side. Provision 
is also made, in Article VII, for estab- 
lishing and maintaining an Interna- 
tional Joint Commission of six mem- 
bers. Provision is made for submitting 
to the Commission any problem involv- 

* Presented at 23rd Annual Meeting, Fed- 
eration of Sewage and Industrial Wastes 
Assns.; Washington, D. C.; October 9-12, 
1950. 


ing the rights or interests of either 
country along the common frontier. 
This procedure involves an inquiry and 
report to the Governments of the re- 
spective countries. The valuable work 
of the Commission all through the in- 
tervening years has been recognized 
throughout the world as an admirable 
method for settling the numerous prob- 
lems which must be expected on such 
a lengthy border. 


The Previous Investigation 


Pollution of the boundary waters has 
been a continuing problem for many 
years. It resulted in a reference from 
the two Governments to the Interna- 
tional Joint Commission and an_ in- 
vestigation in 1913. At that time the 
entire boundary waters were studied. 
The report of the Commission was 
later presented to the two countries. 
It contained recommendations for 
remedial measures, but the outbreak 
of World War I and later events ad- 
versely affected action on these changes. 

No further investigation was under- 
taken by the International Joint Com- 
mission until 1946. At this later time 
the extent of the boundary to ‘be 
studied was reduced, but the scope and 
intensity of the investigation was 
widened. This was the result of the 
changes which had taken place in the 
33 years between examinations of these 
waters. 
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Terms of Reference in 1946 


Representation had been made to the 
two Governments on pollution carried 
by the boundary waters. Accordingly 
and taking advantage of the provisions 
of the treaty, a reference was made on 
April 1, 1946, to the International 
Joint Commission. The terms of the 
reference are as follows: 


“T have the honor to inform you that 
the Governments of the United States and 
Canada have been informed that the waters 
of the St. Clair River, Lake St. Clair, and 
the Detroit River are being polluted by 
sewage and industrial wastes emptied into 
those waters. Having in mind the provi- 
sions of Article IV of the Boundary Wa- 
ters Treaty signed January 11, 1909, that 
boundary waters and waters flowing across 
the boundary shall not be polluted on either 
side to the injury of health or property on 
the other side, the two Governments have 
agreed upon a joint Reference of the mat- 
ter to the International Joint Commission, 
pursuant to the provisions of Article IX 
of said Treaty. The Commission is re- 
quested to inquire into and report to the 
two Governments upon the following ques- 
tions: 


“(1) Are the waters referred to in the 
preceding paragraph, or any of 
them, actually being polluted on 
either side of the boundary to the 
injury of health or property on the 
other side of the boundary? 

“(2) If the foregoing question is an- 
swered in the affirmative, to what 
extent, by what causes, and in 
what localities is such pollution 
taking place? 

“(3) If the Commission should find that 
pollution of the character just re- 
ferred to is taking place, what 
measures for remedying the situa- 
tion would, in its judgment, be most 
practicable from the economic, sani- 
tary and other points of view? 

“(4) If the Commission should find that 
the construction or maintenance of 
remedial or preventive works is 
necessary to render the waters 
sanitary and suitable for domestic 
and other uses, it should indicate 
the nature, location and extent of 
such works, and the probable cost 
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thereof, and by whom and in what 
proportions such cost should be 
borne. 


“For the purpose of assisting the Com- 
mission in making the investigation and 
recommendations provided for in this Ref- 
erence, the two Governments will, upon re- 
quest, make available to the Commission 
the services of engineers and other spe- 
cially qualified personnel of their govern- 
mental agencies, and such information and 
technical data as may have been acquired 
by such agencies, or as may be acquired by 
them during the course of the investigation. 

“The Commission should submit its re- 
port and recommendations to the two Gov- 
ernments as soon as practicable.” 


It will thus be seen that the Com- 
mission was asked to study all phases 
of pollution which might affect the 
other side of the boundary, and to re- 
port to the two Governments on re- 
medial measures and the costs involved. 

This term of reference was extended 
later on two ocvasions to include, first. 
the St. Marys River, and secondly, the 
Niagara River. This paper, however, 
deals only with the waters of the St. 
Clair River, Lake St. Clair, and the 
Detroit River (see Figure 1). 


Board of Technical Advisers 


One of the first steps of the Com- 
mission, in meeting the terms of refer- 
ence, was the appointment of a Board 
of Technical Advisers. This action 
was taken on May 15, 1946, when a 
Board of eight engineers was selected. 
Four of these were from the United 
States and four from Canada. The 
selection included two from the federal 
service of each country, and two from 
the state or provincial service border- 
ing on the waters in question. The 
members of the Board were as follows: 


For the United States: J. K. Hos- 
kins (later succeeded by L. M. Fisher) 
and M. LeBosquet, Jr., all of whom 
were in the United States Public Health 
Service. 

For Canada: G. H. Ferguson, and W. 
R. Edmonds, both of the Department 
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of National Health and Welfare. On 
the retirement of Mr. Ferguson his 
place was taken by R. J. Menzies. 

For the State of Michigan: J. M. 
Hepler of the Michigan Department of 
Health, and L. F. Oeming of the Michi- 
gan Water Resources Commission. 

For Ontario: A. E. Berry. and A. V. 
DeLaporte of the Ontario Department 
of Health. 

The Board was given wide authority 
in the conduct of the investigation. It 
was asked to carry out the necessary 
field work and to advise the Commis- 
sion on the questions contained in the 
terms of reference. The Board had 
unrestricted freedom in the procedure 
to be followed, and it had access to 
data from many sources. 


Organization for the Investigation 


This investigation required a large 
amount of field work. The personnel 
for this was supplied by the United 
States Public Health Service, the De- 
partment of National Health and Wel- 
fare of Canada, the Michigan Stream 
Control Commission, and the Ontario 
Department of Health. The Board or- 
ganized the field work and distributed 
it between the United States and 
Canadian field staffs. Field labora- 
tories were established at convenient 
locations, and these were supplemented 
by the permanent laboratories of the 
participating groups. 

The selection of sampling points for 
this investigation was influenced by 
such factors as the location of known 
pollution sources, the characteristics of 
the stream flows, and the location of 
points used during the 1913 survey. 
The known pollution sources included 
municipal and industrial sewer outlets 
found along the shores of these waters 
and tributaries. Stream flow char- 
acteristics were considered significant 
in that they influence the dispersion of 
pollution throughout these boundary 
waters. Comparison of results with 
those of the 1913 survey was desired, 
and many of the sampling points used 
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in the 1946-1948 investigation were 
the same. 

For the purpose of identifying the 
location of sampling ranges, sewer out- 
lets and other important points on the 
rivers and their tributaries, a mileage 
index system was used for the present 
investigation. This system involves the 
use of one or more letters to identify 
the stream or streams, followed by a 
number which represents the distance 
in river miles from the mouth or other 
point of reference. The reference 
points correspond to the zero mileage 
points established by the United States 
Corps of Engineers. 


Laboratory Determinations 

In the early stages of this investiga- 
tion all recognized tests for measuring 
domestic and industrial pollution were 
made on a routine basis. Routine de- 
terminations included coliforms, chlo- 
rides, phenols, ammonia, chlorine de- 
mand, dissolved oxygen, biochemical 
oxygen demand, hydrogen ‘on concen- 
tration (pH), turbidity, and alkalinity. 
Tests for oils, eyanides, solids, tastes, 
and odors were made _ periodically. 
After it was found that certain of the 
routine tests would be of limited value 
in disclosing the nature or extent of the 
pollution, they were discontinued. 
This resulted, for example, in the 
elimination of the pH, alkalinity, and 
chloride tests at certain locations. 

In general, analytical procedures 
followed were those contained in 
*‘Standard Methods For The Exami- 
nation of Water and Sewage,’’ 8th and 
9th Editions (1936 and 1946). Spe- 
cific techniques were developed where 
an accepted method was not available, 
where the standard test for a specific 
compound was not sensitive enough 
for the high dilutions encountered, or 
where other substances caused inter- 
ference. Such special procedures in- 
cluded those for oils, phenols, eyanides, 
and tastes. 

Possible variations in techniques be- 
tween the laboratories of the two field 
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staffs were recognized and guarded this investigation and all tests con- 
against in many ways. Specific batches ducted in either laboratory were made 
of laboratory media were set aside for with the same media. Sampling assign- 
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FIGURE 1.—General area of 1946-48 International Boundary Waters pollution 
investigation in Lake Huron-Lake Erie section. 
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ments were interchanged from time to 
time in order that any variations in 
techniques would tend to be minimized. 
Checks on analytical procedures were 
made by dividing samples between lab- 
oratories. 


Objectives for Boundary Waters 
Quality Control 


It was recognized early in this in- 
vestigation that objectives for water 
quality were necessary. The formula 
tion of such objectives is essential for 
defining remedial measures. Objectives 
may be established in two ways: 1) 
through limitation of the quantity of 
deleterious substances allowed to enter 
the receiving streams, or 2) through 
limitation of these substances within 
the receiving waters. Whichever type 
of objective is used, the end result must 
be the same; namely, maintenance of 
the water in a condition suitable for 
all subsequent uses. 

Objectives adopted for boundary wa- 
ters quality control establish the ulti- 
mate aim of corrective measures. Ob- 
jectives must be defined if stream sani- 
tation is to be accomplished, and they 
must be impartial in setting goals for 
all uses. Each purpose will require a 
specific quality of water. In the major- 
ity of cases, the uses of any one water- 
course are varied, and complex inter- 
relationships must be considered in 
objectives consistent with all uses. 

The objectives prepared by the two 
Boards and endorsed by the Commis- 
sion are as follows: 


General Objectives 


All wastes, including sanitary sew- 
age, storm water, and industrial efflu- 
ents, shall be in such condition when 
discharged into any stream that they 
will not create conditions in the bound- 
ary waters which will adversely affect 
the use of these waters for the following 
purposes: source of 
supply or industrial 


domestic 
water 


water 
supply, 
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navigation, fish and wild life, bathing, 
recreation, agriculture, and other ri- 
parian activities. 

In general, adverse conditions are 
caused by: 


1. Excessive bacterial, physical, or 
chemical contamination. 

2. Unnatural deposits in the stream, 
interfering with navigation, fish and 
wild life, bathing, recreation, or de- 
struction of aesthetic values. 

3. Toxic substances and materials im- 
parting objectionable tastes and odors 
to waters used for domestic or indus- 
trial purposes. 

4. Floating materials, including oils, 
grease, garbage, sewage solids, or other 
refuse. 


Specific Objectives 
In more specific terms, adequate con- 


trols of pollution will necessitate the 
following objectives for: 


A. Sanitary Sewage, Storm Water, and 
Wastes from Water Craft 
Sufficient treatment for adequate re- 

moval or reduction of solids, bacteria, 
and chemical constituents, which may 
interfere unreasonably with the use of 
these waters for the purposes afore- 
mentioned. 

Adequate protection for these wa- 
ters, except in certain specific instances 
influenced by local conditions, should 
be provided if the coliform M.P.N. 
median value does not exceed 2,400 per 
100 ml. at any point in the waters fol- 
lowing initial dilution. 


B. Industrial Wastes 

1. Chemical wastes, phenolic type. 

Industrial waste effluents from phe- 
nolic hydrocarbon and other chemical 
plants will cause objectionable tastes or 
odors in drinking or industrial water 
supplies and may taint the flesh of fish. 

Adequate protection should be pro- 
vided for these waters if the concentra- 
tion of phenol or phenolic equivalents 


= 
. 

: 
4 
i 
| | 
: 
4 


Vol. 23, No. 4 


does not exceed an average of 2 p.p.b. 
and a maximum of 5 p.p.b. at any point 
in these waters following initial dilu- 
tion. This quality in the receiving wa- 
ters will probably be attained if plant 
effluents are limited to 20 p.p.b. of 
phenol or phenolic equivalents. 

Some of the industries producing 
phenolic wastes are: coke, synthetic 
resin, oil refining, petroleum cracking, 
tar, road oil, creosoting, wood distilla- 
tion, and dye manufacturing plants. 


2. Chemical wastes, other than phe- 
nolic. 

Adequate protection should be pro- 
vided if : 

(a) The pH of these waters follow- 
ing initial dilution is not less 
than 6.7 nor more than 8.5. This 
quality in the receiving waters 
will probably be attained if 
plant effluents are adjusted to a 
pH value within the range of 
5.5 and 10.6. 

(b) The iron content of these waters 
following initial dilution does 
not exceed 0.3 p.p.m. This qual- 
ity in the receiving waters will 
probably be attained if plant 
effluents are limited to 17 p.p.m. 
of iron in terms of Fe. 

(ce) The odor-producing substances 
in the effluent are reduced to a 
point that following initial dilu- 
tion with these waters the mix- 
ture does not have a threshold 
odor number in excess of 8 due 
to such added material. 
Unnatural color and turbidity of 
the wastes are reduced to a point 
that these waters will not be 
offensive in appearance or other- 
wise unattractive for the afore- 
mentioned uses. 

(e) Oil and floating solids are re- 
duced to a point such that they 
will not create fire hazards, coat 
hulls of water craft, injure fish 
or wild life or their habitat, or 
will adversely affect public or 
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private recreational development 
or other legitimate shore line de- 
velopments or uses. Protection 
should be provided for these wa- 
ters if plant effluents or storm- 
water discharges from premises 
do not contain oils, as deter- 
mined by extraction, in excess 
of 15 p.p.m. or a _ sufficient 
amount to create more than a 
faint irridescence. 


Some of the industries producing 
chemical wastes other than phenolic 
are: oil wells and petroleum refineries 
gasoline filling stations and bulk sta- 
tions, styrene copolymer, synthetic 
pharmaceutical, synthetic fibre, iron 
and steel, alkali chemical, rubber fabri- 
cating, dye manufacturing, and acid 
manufacturing plants. 


3. Highly toxie wastes. 


Adequate protection should be pro- 
vided for these waters if substances 
highly toxic to human, fish, aquatic, or 
wild life are eliminated or reduced to 
safe limits. 

Some of the industries producing 
highly toxic wastes are: metal plating 
and finishing plants discharging eya- 
nides, chromium, or other toxic wastes ; 
chemical and pharmaceutical plants; 
and coke ovens. Wastes containing 
toxic concentrations of free halogens 
are included in this category. 


4. Deoxygenating wastes. 


Adequate protection of these waters 
should result if sufficient treatment is 
provided for the substantial removal 
of solids, bacteria, chemical constitu- 
ents, and other substances capable of 
reducing the dissolved oxygen content 
of these waters unreasonably. Some 
of the industries producing these wastes 
are: tanneries; glue and gelatin plants; 
alcohol, including breweries and distil- 
leries ; wool scouring ; pulp and paper; 
food processing plants, such as meat 
packing and dairy plants; corn prod- 
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ucts; beet sugar; fish processing; and 
dehydration plants. 

Note: The methods of determination 
of the chemical constituents referred to 
in the preceding objectives are as given 
in ‘‘ Analytical Methods For Boundary 
Waters Quality Control’’ as prepared 
by the Board of Technical Advisers. 
Bacterial determinations are to in- 
elude the presumptive and confirmed 
tests for the coliform group of bacteria 
as given in ‘‘Standard Methods for 
the Examination of Water and Sew- 
age’’ 9th Edition (1946).] 
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Hearings Before the Commission 


Public hearings for municipalities, 
industries, and all other interested par- 
ties were held by the Commission at 
the conelusion of the field studies. The 
purpose of these was to obtain informa- 
tion on waste treatment processes in 
use or proposed, cost estimates for re- 
medial measures, time required to 
carry out these measures, and com- 
ments on the application of the objec- 
tive to specifie wastes. Much useful in- 
formation was made available by this 
procedure. 


BASIC CONSIDERATIONS 


The Great Lakes Waterway 

The boundary waters between the 
United States and Canada comprise the 
largest body of fresh water in the 
world. Large populations and great 
industries have developed along the 
shores of these watercourses, attracted 
by the available facilities so essential 
for domestic and industrial water sup- 
plies, recreation, drainage cutlets, and 
for transportation and power. Ready 
access to natural resources, combined 
with low-cost water transportation, has 
offered in the last 25 years of this in- 
dustrial age every inducement to rapid 
expansion of the area both commerci- 
ally and residentially. These facilities 
are equally appealing for developments 
in the future. Thus, the potentialities 
of the Great Lakes waterway are diffi- 
cult to conjecture except in superlative 
terms. 


Uses of Boundary Waters 
Any investigation of this problem is 
at once confronted with the uses to 


which these waters are applied. The 
importance of boundary water pollu- 
tion arises both from the multiplicity 
of purposes for which these waters are 
utilized and the resulting conflict be- 
tween these uses. Article VIII of the 
treaty between the United States and 
Great Britain relating to boundary wa- 
ters, signed January 11, 1909, states: 


“The following order of precedence 
shall be observed among the various uses 
enumerated herein-after for these waters, 
and no use shall be permitted which tends 
materially to conflict with or restrain any 
other use which is given preference over it 
in this order of precedence: 

1. Uses for domestie and sanitary pur- 
poses; 

2. Uses for navigation, ineluding the 
service of canals for the purposes of navi- 
gation; 

3. Uses for power and for irrigation 
purposes.” 

This order of precedence is highly 
significant in that domestie and sani- 
tary purposes, which are so closely re- 
lated to public health, are given prior- 
ity over all other uses. It is also sig- 
nificant that other water needs, such as 
for industry, for recreation, and for 
the support of fish and wild life, which 
have come into prominence in the in- 
tervening years, are not specifically 
cited in the treaty. It is recognized 
that these waters have now come to 
serve this expanded category of uses. 
Irrespective of the uses made, the treaty 
requires that these boundary waters 
shall not be polluted on either side to 
the injury of health or property on the 
other. 

These waters constitute a natural re- 
source which has been developed to a 
high degree by both countries. The 
connecting waters from Lake Huron to 
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Lake Erie are used as a source of do- 
mestie water supply by nearly 3,000,000 
people, residing in some 50 communi- 
ties. They also receive the domestic 
wastes from approximately 2,500,000 
people. In one season of navigation 
nearly 3,000,000 persons were carried 
in vessels, the wastes from which en- 
tered the waters. The St. Marys River 
is a source of water supply for the 
two cities of Sault Ste. Marie and re- 
ceives all the sewage as well. In the 
Niagara River area about 1,000,000 
persons residing in some 40 communi- 
ties use the river as a source of domes- 
tic water supply. 

Similarly, the water used for indus- 
trial purposes and pumped from these 
sources amounted to 1,400 m.g.d. 
(U.S.), in the Lake Huron-Lake Erie 
section, 98 m.g.d. (U. S.) in the St. 
Marys River area, and 500 m.g.d. 
(U. S.) from the Niagara River, mak- 
ing a total of nearly 2,000 m.g.d. 
(U. S.) exclusive of what is secured by 
industry through municipal water- 
works systems. 


Hydrometric Data 


Hydrometric data on a watercourse 
can be used to evaluate the effects of 
flow, currents, distribution into chan- 
nels, and other related factors which 
influence stream pollution. In the 
Lake Huron-Lake Erie section large 
volumes of water, strong and variable 
currents, and numerous channels trans- 
port and dilute the incoming waste dis- 
charges. Pollutants which are highly 
concentrated at the point of discharge 
may become greatly diluted in certain 
areas and may remain concentrated in 
others. Even these dilyte quantities 
may be carried long distances and cause 
objectionable conditions in the bound- 
ary waters. Pollution is important at 
its immediate point of discharge. The 
degree of its subsequent importance 
will be influenced by the time of flow, 
volume, intermingling, and _ other 


stream characteristics. 
A detailed knowledge of river and 
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lake currents is essential in determin- 
ing transboundary travel of polluted 
waters. 

The flow in the St. Clair River during 
the 48-year period from 1900 to 1947 
has averaged 174,000 e.f.s. The river 
has a mean velocity of about 5 m.p.h. 
near its upper end in the vicinity of 
the Blue Water Bridge. In the lower 
reaches, through the South Channel, 
the velocity is about 2 m.p.h. At in- 
termediate points the velocity varies 
irregularly between these limits. 

The St. Clair River enters Lake St. 
Clair through six channels. Approxi- 
mately 87.5 per cent of the flow enters 
the northwestern section of Lake St. 
Clair through the North, Middle, and 
South Channels. Only 12.5 per cent 
enters the much larger portion of the 
lake on the Canadian side through three 
smaller channels. 

The flow in Lake St. Clair is aug- 
mented by an inflow of about 2,300 
c.f.s. from tributaries other than the 
St. Clair River. The lake holds ap- 
proximately 120,400,000,000 cu. ft. of 
water. If there were complete and 
uniform displacement of the lake water 
by the St. Clair River flow alone it 
would take 8 days under average con- 
ditions for the incoming water to reach 
the Detroit River. Observations made 
in two instances showed the time of 
passage was between 5 and 7 days. 

The average flow in the Detroit River 
is recorded at about 177,000 ¢.f.s. At 
the head, approximately 70 per cent of 
the total flow passes to the United 
States side of the boundary through the 
larger channel between Windmill Point 
and Peach Island, and only 30 per cent 
passes between Peach Island and the 
Canadian shore. Below Peach Island 
the flow of the river is divided at 
several points by islands, and the dis- 
tribution of flow is altered from side 
to side at these places. 


Transboundary Currents 


It is apparent that transboundary 
currents occur at various places. In 


; 

: 

‘ ah 
: 
.. 
2 
F 
| 
F 


516 


the St. Clair River, surface float studies 
indicated a crossing of surface waters 
from the Canadian side to the United 
States side in the area between St. Clair 
and Marine City. Similar floats re- 
leased on the United States side were 
generally carried downstream and 
crossed to the Canadian side between 
Courtright and Sombra. Reports were 
received on 380 out of a total of 1,020 
surface floats released in the St. Clair 
River. Of these, 32 crossed from the 
United States to Canada, and 97 erossed 
from Canada to the United States. On 
the other hand, a three-week study of 
subsurface floats submerged to depths 
of 2 to 20 ft. and released along both 
shores in the Sarnia-Port Huron area 
revealed that they followed a course 
parallel to the shores and showed no 
pronounced tendency to cross the Inter- 
national Boundary. The deeper floats, 
at 15 to 20 ft., released on the Canadian 
side near Port Lambton, traveled down 
the Chenal Ecarte; those submerged 
to depths of less than 10 ft. followed 
down the main or South Channel and 
probably across the boundary. 

In Lake St. Clair both surface and 
depth floats crossed the boundary at 
different points. Movements of water 
were not well defined, but depended 
largely on wind direction and intensity. 
Surface floats released at the outlet of 
Anchor Bay crossed the boundary to 
Mitchell Bay and the south shore of 
the lake. Depth floats also followed a 
similar course toward the boundary. 
It is probable that these would cross 
the boundary under certain wind con- 
ditions. There was no indication of 
currents from the east side of Lake St. 
Clair crossing the boundary prior to 
the approach to the Detroit River. 

In the Detroit River, surface floats 
crossed from side to side throughout the 
length of the stream. In the upper part 
these floats crossed from the United 
States side through the opening be- 
tween Peach Island and Belle Isle to 
the Canadian side. Several surface 
floats released at the mouth of the 
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Rouge River and in the vicinity of the 
Detroit sewage treatment plant outlet 
were found on the Canadian shore op- 
posite the upper end of Fighting 
Island. Only those depth floats placed 
1,000 ft. or more off the United States 
shore, opposite Windmill Point, crossed 
the boundary. A limited number of 
depth floats placed in United States 
waters near the boundary at the head 
of Fighting Island crossed into Ca- 
nadian waters at the foot of this island. 
Indications of coliform pollution 
crossing the boundary are seen at a 
number of places. In the St. Clair 
River there is a diffusion of coliforms 
at range SR-17.5,* between Sombra 
and Marine City, after passage through 
a narrow section of the river. This in- 
dicates a transboundary movement of 
pollution. In Lake St. Clair the coli- 
form concentrations indicate a flow of 
pollution from Anchor Bay across the 
boundary similar to the path followed 
by the floats. Diffusion of coliform 
concentrations occur at several places 
in the lower Detroit River, beginning 
on the Canadian side at the head of 
Fighting Island. This may be influ- 
enced by material from across the 
boundary. More uniform distribution 
is found at range Dt-12.0w in Trenton 
Channel and at range Dt-9.3e, which 
erosses the boundary above Amherst- 
burg. These ranges are on either side 
of Grosse Ile. On range Dt-3.9, at the 
mouth of the Detroit River, there is a 
trend to uniform distribution 
the entire width of the river. 
Transboundary movement of pollu- 
tion was demonstrated by an accidental 
spill of phenol in the Sarnia area. This 
took place on November 30 and De- 
cember 1, 1948. Severe taste oceur- 
rences were reported at Wallaceburg 
on December 1, and at the Detroit 
water treatment plant on December 7 
to 10. This was followed by tastes at 
Windsor on December 14 and 21. 


across 


* Range locations are shown on Figures 2, 
3, and 4, 
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Availability of Natural Resources 


Centralization of industry in this 
section of the boundary has been con- 
spicuous. Availability of primary 
natural resources has contributed much 
to this on both sides of the boundary. 
Tron ore, salt deposits, petroleum, gas, 
and other products required for in- 
dustry are readily obtained. 

In this investigation 56 industries 
were studied—39 on the United States 
side and 17 on the Canadian side. 

Industrial wastes are the chief source 
of chemical pollution, as distinguished 
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from bacterial pollution in sewage. 
They are much less significant from a 
disease standpoint. The chief objection 
to many of these wastes is that they 
contain oils, toxic substances, or taste- 
and odor-producing compounds. Other 
polluting effects result from the dis- 
charge of solids, acids, oxygen-consum- 
ing wastes, and materials which im- 
part an unsightly appearance. 
Pollution by industrial wastes oce- 
curs throughout the Lake Hurén-Lake 
Erie section, but is heaviest in the up- 
per St. Clair and lower Detroit Rivers. 


CANADIAN SECTION 


Industrial surveys on the Canadian 
side of the boundary were carried out 
on all major plants discharging wastes 
to these watercourses. These included 
such types as automotive, chemical, dis- 
tillery, gas manufacturing, miscella- 
neous metals, oil, rubber, salt, and steel. 

A summary of the industrial wastes 
discharged daily on the Canadian side 
showed 190 m.g.d. (Imp.), or 228 
m.g.d. (U. S.). Ineluded were the fol- 
lowing: 200 lb. of phenol, 5 Ib. of 
eyanides, 560 lb. of ammonium com- 
pound, 2,040 Imp. gal of oil (2,450 
U.S. gal.), and 593,300 lb. of suspended 
solids. The B.O.D. of these wastes 
amounted to 114,600 lb. daily for an 


Part II. United States Section 


By H. H. Buack anp L. F. Oemine 


equivalent population of 682,000 per- 
sons. 

Some of the major industries on the 
Canadian side are: oil refinery, syn- 
thetic rubber, gas manufacturing, 
automotive, chemical, salt, and miscel- 
laneous metals. These discharge wastes 
into the boundary waters at various lo- 
cations. Some of these have been in 
operation for long periods. Varying 
degrees of treatment of the wastes have 
been applied, and programs for addi- 
tional remedial measures are being ac- 
tively pursued. Industry has recog- 
nized the need for clean streams, and 
is cooperating in an effort to attain 
this objective. 


Respectively, Senior Sanitary Engineer, U.S.P.H.S., Cincinnati, Ohio; and Chief Engineer, 


This section briefly describes the in- 
dustrial waste program conducted as 
a part of this survey, explains perti- 
nent factors having bearing on the in- 
dustrial pollutional constituents stud- 
ied, summarizes the results of two spe- 
cial studies, indicates the progress in 
pollution control during the survey pe- 
riod, and outlines the continuing pro- 
gram. 


Michigan Water Resources Commission, Lansing, Mich. 


INDUSTRIAL WASTE PROGRAM 
Engineering Investigations 


Thirty-nine United States industrial 
corporations, with plants discharging 
industrial wastes either directly to the 
International Boundary Waters or 
their tributaries, were visited as a part 
of the program for study of pollution 
sources. Initial conferences were 
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scheduled by letter through the Michi- 
gan Water Resources Commission. 
Separate conferences were held with 
officials and technical representatives 
of each industry. Engineers repre- 
senting the Michigan Water Resources 
Commission and the U. S. Public 
Health Service participated in each 
meeting. 

These conferences were arranged for 
the purpose of discussing 
wastes: produced by each industry and 
their relation to pollution of the Inter- 
national Boundary Waters. Basic in- 
formation regarding volume and char- 
acteristics of wastes was requested. In- 
spection of major waste sources with- 
in the plant was made a part of these 
engineering investigations. Following 
each technical meeting with industry, 
a detailed memorandum was prepared 
by U. S. P. H. S. engineers and for- 
warded to the industry for review and 
approval before considering it official 
record. Frequently, the industry was 
requested to furnish supplemental in- 
formation in order to complete the 
record. 


process 


Cooperative Surveys 


Information obtained from the engi- 
neering investigations served as a basis 
for classifying the industries into two 
groups— those for which adequate 
waste data were considered available, 
and those on which more information 
was needed. There were 14 industries 
in the second group. The U.S. P. II. S. 
field staff conducted surveys at 10 of 
these industries and representatives of 
the Michigan Water Resources Commis- 
sion made detailed waste studies at the 
remaining four plants. 

These surveys were cooperative 
projects with the state and with in- 
dustry. Each project was organized 
along the same lines, being modified as 
necessary to conform with requirements 
of the plant studied. The industrial 
representative was usually from the re- 
search department or the plant engi- 
neer’s office, with knowledge of the 
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plant and process as a prime requisite. 
Industry assumed responsibility for in- 
stallation of flow measuring equipment, 
when necessary, and the collection of 
representative samples. 

Normally the major individual wastes 
within the plant were studied along 
with the combined waste. This pro- 
cedure identified the principal sources, 
permitted computing constituent bal- 
ances, and made the results of maxi- 
mum value. Samples were frequently 
divided between the industrial labora- 
tory and the U. 8. P. H. S. laboratory, 
the analytical work being duplicated. 
This gave the industry data from its 
own laboratory and provided opportun- 
ity for checking techniques. On com- 
pletion of the study, the results were 
compared and if there was significant 
disagreement additional work was per- 
formed. Normally these surveys ex- 
tended through five consecutive days. 
A report was prepared on each survey 
by the U. S. P. H. S. staff and for- 
warded to the state and to the industry. 


Correlation with Receiving Waters 


Stream and lake observations were 
designed to trace the course of pollu- 
tional materials and to determine their 
persistence in those natural waters. 
This phase of the program was particu- 
larly important because of difficulties 
reported, especially since the early 
years of World War II, by municipal 
water purification plant operators 
with tastes and odors which were at- 
tributed to industrial wastes. This 
work was complicated by the limita- 
tions of analytical procedures for de- 
termination of specific constituents in 
extremely high dilutions. 

The results of these industrial pollu- 
tion studies are illustrated by the 
stream and lake phenol results, which 
have been superimposed as barographs 
on maps of these International Bound- 
ary Waters (Figures 2, 3, and 4). 
Average phenol concentrations are re- 
corded for St. Clair River and Detroit 
River. The maximum phenol concen- 
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trations, as well as the average, are 
shown for Lake St. Clair, the maximum 
at each sampling point being correlated 
with the prevailing wind direction at 
the time it occurred. 

Cognizance was taken of other highly 
significant taste- and odor-producing 
compounds, known to be discharged 
with industrial wastes to these bound- 
ary waters, for which there were no 
known reliable tests in high dilutions. 
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In the absence of specific chemical pro- 
cedures, a limited amount of taste and 
odor work was performed both on the 
natural waters subject to pollution and 
on the concentrated industrial wastes 
suspected of being sources of highly 
persistent taste- and odor-producing 
compounds. The results of this work 
supplemented phenol data and indi- 
cated certain wastes warranting fur- 
ther investigation. 
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FIGURE 2.—Average phenol concentrations in St. Clair River. 
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Analytical Problems 


Detailed discussion of the many ana- 
lytical problems encountered during 
the course of this project is beyond the 
scope of this paper. The survey em- 
braced essentially two types of investi- 
gations : 
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1. The study of industrial plant 
wastes or component parts thereof. 

2. The analysis of the actual bound- 
ary waters. 


In the analysis of plant wastes, ana- 
lytical problems continuously arose 
from the heterogenous nature of such 


FIGURE 4.—Average phenol concentrations in Detroit River. 
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wastes. In seeking to measure a spe- 
cifie polluting component of an indus- 
trial plant effluent, there was always 
the problem of separating that material 
from the rest of the waste or devising 
or selecting a procedure which was not 
adversely affected by the other com- 
ponents of the waste. Such analytical 
problems are not easily solved. 

In the examination of boundary wa- 
ters, on the other hand, the problem 
frequently was to match the sensitivity 
of the procedure used with permissible 
tolerances. Procedures having both 
adequate sensitivity and _ specificity 
were a problem throughout the survey. 
For instance, it was desired to detect 
phenol as low as 0.001 p.p.m. and to 
determine traces of oil. 

It was necessary to compromise be- 
tween those methods or procedures 
which most closely approached techni- 
eal perfection and methods which were 
practical for the survey and for in- 
terpretation of the International Joint 
Commission, ‘‘ Objectives for Boundary 
Waters Quality Control’’ (1). To meet 
this requirement, the chemical research 
laboratories of the Environmental 
Health Center and the Ontario Depart- 
ment of Health agreed on ‘‘ Analytical 
Methods for Boundary Waters Qual- 
ity Control’’ (2). Many of the tech- 
niques prescribed did not represent the 
best procedure available, but rather 
the best procedure which it was deemed 
feasible to specify. 


Industrial Waste Treatment 

Separate treatment of process wastes 
by the various industries, in the sense 
of rendering them acceptable for dis- 
charge to a natural watercourse, was 
provided to a very limited extent. The 
two outstanding examples were sedi- 
mentation for wastes from manufacture 
of caustic soda and partial neutraliza- 
tion of waste pickle liquor. Both of 
these systems are discussed in some 
detail in subsequent sections of this 
paper. 

There were a great many systems for 
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recovery of usable materials and for 
treatment prior to re-use. Although 
there was insufficient time to make eco- 
nomic studies of these various recovery 
processes, there was reason to believe 
that the great majority were sound in- 
vestments. Typical of these installa- 
tions were : 


1. Clarifiers for blast furnace flue 
gas wash water to recover iron ore. 

2. Paper mill save-alls for recovery of 
pulp. 

3. Petroleum refinery oil-water sepa- 
rator (A.P.I. design). 

4. Tar separators at coke and water 
gas plants. 

5. Purification systems for lubricat- 
ing oil and soluble cutting oil. 


Closely allied with treatment of in- 
dustrial wastes were the counter meas- 
ures taken to obviate the need for treat- 
ment. During the course of this in- 
vestigation, striking results in curbing 
pollution were observed by: 


1. Adoption of department accounta- 
bility measures on potential waste. 

2. Metering of lubricating oil used. 

3. Inauguration of good housekeeping 
principles. 


Combined Treatment 


The Detroit area supported many 
satellite industries. A great variety of 


industrial activity was represented, 
with more than the usual number of 
metal working and_ electroplating 
shops operating on subcontracts from 
the automotive industry. Industrial 
plants located in areas served by the 
Detroit sewerage system were allowed 
sewer connections for discharge of 
those liquid wastes which conformed 
to ‘‘Standards and Regulations Con- 
trolling the Discharge of Industrial or 
Commercial Type Wastes into the De- 
troit Sewer System’”’ (3). 

It was neither practical nor necessary 
for the purposes of this survey to in- 
vestigate industrial plant effluents dis- 
charged to the Detroit sewerage sys- 
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tem. Instead, a study was made: of 
the operation records of the Detroit 
sewage treatment plant to determine 
the effect of industrial wastes on plant 
operation. This was one phase of the 
over-all study of sewage treatment re- 
quirements for the area. 

The Detroit sewage treatment plant 
provided primary treatment and final 
chlorination. It was estimated that 
the treatment plant served a total popu- 
lation of 2,300,000 during the survey 
period. Average data for raw and 
treated sewage were as follows: 


5-Day B.O.D. 


Susp. Solids 
(p.p.m.) 


Flow (p-p.m.) 
(m.g.d.) 


Influent | Effluent | Influent | Effluent 
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1946 
1947 


344.5 | 122 70 242 107 
370.4 | 111 56 202 91 


Although the B.O.D. and solids data 
did not significantly reflect the presence 
of industrial wastes, chlorination was 
seriously affected. The city’s objective 
in chlorine treatment was to satisfy 
100 per cent of the effluent chlorine de- 
mand during the summer months and 
60 per cent in the winter. Rapid fluctu- 
ation in demand and variable flow com- 
plicated chlorine dosage control. The 
chlorine demand actually satisfied aver- 
aged 66.8 per cent during 1946 and 
58.8 per cent for 1947. The mean 
monthly maximum chlorine demand 
satisfied was 93.7 per cent, occurring 
in July, 1946. Chlorine demand of 
this sewage averaged 7.5 p.p.m. in 
1946 and 6.3 p.p.m. for 1947. 

Intermittent slugs of waste pickle 
liquor and iron salts created chlorine 
demands which exceeded the capacity 
of the available chlorination equip- 
ment. During these periods, which 
represented about 10 per cent of the 
time, chlorination of the final effluent 
was suspended. The duration of these 
individual slugs varied from 64 to 81 
min. and increased the chlorine demand 
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of the settled sewage from 7.6 to 10.8 
p.p.m. above the normal demand. 

A less conspicuous constituent was 
phenolic type material, which varied in 
the raw sewage from 0 to 630 p.p.b. 
Phenol curves for sewage received at 
the treatment works indicated phenol 
release by the industry over relatively 
short periods. The peak phenol con- 
centration occurred between 6 a.m. and 
9 A.M. on week days. 


Pollutional Constituents Studied 


Industrial waste surveys of some 
plants manufacturing similar products 
gave highly dissimilar results. This 
was particularly true of the by-product 
coke plants. In analyzing these data 
principal factors influencing the wastes 
have been examined. These factors are 
briefly described in the following dis- 
cussion. 


Phenolic Type Materials 


Phenolic type materials originated 
primarily in the liquid wastes from 
production of by-product coke, refining 
of coal tar, and the manufacture of 
phenolic resins and other organic 
chemicals. Manufacture of water gas 
constituted a secondary source of 
phenol waste during severe winter 
weather, when domestic demand made 
it necessary to supplement the natural 
gas supply from the Texas Panhandle 
region. One impoundment area for 
water gas tar and another for gas plant 
tar separator effluent were a seasonal 
threat and on occasions were known to 
cause pollution. Minor phenol sources 
were recognized but not studied. 
Phenol accounted for is recorded by 
areas in Table I. 


A. By-Product Coke 


Four by-product coke plants located 
in the Rouge and lower Detroit River 
areas produced 62 per cent of the 


phenol. These coke plants were ear- 
bonizing a total of 10,800 tons of coal 
per day, representing 94 per cent of 
their 1944 peak production. Coke was 


: 
6 
Year 
| 
i aS 
5 
Bis 
. 
j 


SEWAGE AND INDUSTRIAL WASTES 


April, 1951 


TABLE I.—Summary of Industrial Wastes Discharged Daily—United States Waters 


| 
Gibbs 
Phenol 
(Ib.) 


Cyanides,! 
HCN 
(Ib.) 


Ammonium 
Compounds, 


NH; (Ib.) 


Acid 
Equiv. 
CaCO; 
(tons) 


Susp. 
Solids! 
(tons) 


Oils 


St. Clair River 
Lake St. Clair 
Detroit River 


| 
| 0 
| 6,200 


6,200 | 


Total 


31 
0 
925 


956 


40 
0 
16,240 


16,280 | 


(U.S. gal.) | 
| 
| 


1 Based on I. J. C. and supplementary data. 
? B.O.D. basis. 


being supplied to local blast furnaces, 
foundries, and for lime kilns employed 
in the manufacture of soda ash by the 
ammonia-soda process. Some coke was 
produced for domestic use. The pollu- 
tional significance of coke plant wastes 
was considered justification for thor- 
ough studies of these four plants. 

These by-product coke plants were 
all operating on high-volatile bitumi- 
nous coal blends in the high-tempera- 
ture carbonization range. The highest 
average flue temperature reported was 
2,250° F. for blast furnace coke. The 
coking -temperature is normally re- 
duced some 300° F. in production of 
foundry coke. Flue temperatures in 
the vicinity of 2,500° F. are considered 
critical, above which the oven fire 
brick may be damaged. However, 
some coke ovens are reported operating 
with flue temperatures as high as 
2,850° F. 

The temperature of carbonization is 
the most important single factor in de- 
termining the yield and properties of 
coal tar and of each of the other pri- 
mary products derived from destructive 
distillation of a given eoal (4). These 
relations are well illustrated by Figure 
5, taken from U. S. Bureau of Mines 
Technical Paper No. 584 (5). It fol- 
lows that by-product coke waste char- 
acteristics will vary with change in 
coking temperature. Production of tar 
and tar acids decreases progressively 
with rise in temperature of carboniza- 
tion, the decomposition products serv- 
ing to enrich and to increase yield of 


the gas (4). The term ‘‘tar acids”’ 
includes all of the phenolic constitu- 
ents of coal tar. 

The volume of ammoniacal liquor 
produced per ton of coal charged is 
another major factor influencing the 
phenol content of by-product coke 
wastes. This liquor volume in turn 
depends primarily on the method used 
to recover ammonia from the coke-oven 
gas. Two methods are in use in the 
United States, the semi-direct and the 
indirect. The semi-direct process 
normally gives 15 to 25 gal. of am- 
moniacal liquor per ton of coal and 
the indirect process ranges from 35 to 
90 gal. (6). These values are increased 
25 to 50 per cent by addition of direct 
steam and milk of lime in the ammonia 
still to give the volume of still waste. 

In both the semi-direct and the in- 
direct processes, the hot gases from 
the ovens are cooled, thereby condens- 
ing a substantial portion of the am- 
monia, along with tar, as a dilute 
aqueous liquor referred to as weak 
liquor or ammoniacal liquor. The semi- 
direct process distills the ammonia from 
the weak liquor and returns it to the 
gas stream. The gas is then contacted 
with dilute sulfuric acid to produce 
ammonium sulfate. 

The indirect process scrubs ammonia 
from the cooled gas with water in a 
series of counterflow ammonia scrub- 
bers. The serubber liquor is mixed 
with the condensate from the primary 
cooler and distilled. The gaseous am- 
monia from the still is usually econ- 


Pop. 
Area | Equiv.* 
(1,000) 
0 | 15 | 0 | 348 
| 1,230 40 | | 164 
4'390 11,010 | | | 1,263 
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FIGURE 5.—Yields of carbonization products from Upper Banner Seam coal. 
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TABLE II.—Unit Values (Pounds per Ton Coal Carbonized) 


Correlated With Operations 


Basic Information 


Plant Designation 


| Gibbs phenol 


Constituent 


| Cyanide (HCN) 


| Coke type Blast furnace and | 
| foundry 


Ammonia _recov- 
ery process 


Operation 
| Ammoniacal _ liq- 
uor (gal. /ton 

coal) 


‘concentrated ammonia 
liquor, but may be used in production 
of ammonium sulfate. The demand for 
ammonia liquor concentrate by the local 
alkali industry resulted in three of the 
four by-product coke plants in the De- 
troit area using the indirect process of 
ammonia recovery. In contrast to this 
practice, the semi-direct process is the 
most widely used by the industry. In 
recent years, as much as 86.5 per cent 
of the ammonia produced by United 
States coke plants has been recovered 
as ammonium sulfate for use as ferti- 
lizer and mostly by the semi-direct 
process (7). 

The foregoing discussion will aid in 
the interpretation of phenol unit value 
variations shown in Table IT. The fact 
that plant B waste contained four 
times as much phenol per ton of coal 
as plant A waste is attributed to the 
indirect ammonia recovery system and 
the lower coking temperature for 
foundry coke, notwithstanding other 
significant factors. The other two coke 
plants are designated ‘‘C’’ because the 
ammoniacal liquor was combined for 
distillation. Phenol unit values for 
plants A and C afford an excellent 
illustration of the influence which the 
volume of ammoniacal liquor has on the 
amount of phenolie constituents dis- 


verted a 


| Semi-direct 


20 


0.42 


| 

| 0.04 
Foundry Blast furnace and 
| | foundry 


Indirect 


| 
| Indirect 


| 
| 


62 


solved from the tar. This phenomenon 
is an example of the well-known law 
in physical chemistry pertaining to dis- 
tribution of a solute between two im- 
miscible solvents (Henry’s law). 


B. Coal Tar Distillation 


Coal tar products were produced at 
one plant, which discharged wastes to 
the old channel of Rouge River. Tar 
from local by-product coke and water 
gas plants was subjected to fractional 
distillation using both batch and con- 
tinuous stills. High phenolic wastes 
originated from batch decantation op- 
erations, It was found that approxi- 
mately 80 per cent of the phenols were 
present in 2.7 per cent of the total 
plant wastes, a favorable condition 
from the standpoint of control. 

The average phenol (in pounds dis- 
charged per day) from this plant was 
comparable to the smallest by-product 
coke plant. However, occasional batch 
decantation resulted in periods of 7 to 
8 hr. when the rate of phenol dis- 
charged from this one plant was equiva- 
lent to the combined phenol discharge 
rate from all other known phenol 
sources in the Detroit area. This con- 
stituted a shock load of a highly pollu- 
tional material. 
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C. Plasties 


Production of phenol-formaldehyde 
type resins at one plant in the metro- 
politan area resulted in phenol losses 
as high as 2,000 lb. per day, with an 
average of 1,230 lb. These wastes 
drained to the municipal combined 
sewers, in which they were normally 
conveyed to the Detroit sewer system 
and treatment plant. However, com- 
bined sewage overflows, during periods 
of surface runoff, released substantial 
portions of these wastes to a tributary 
of Clinton River. 

It will be noted (Figure 3) that 
Clinton River discharges into Anchor 
Bay and merges with the western 
portion of the dominant current 
through Lake St. Clair. These geo- 
graphical and hydrological features are 
significant because of municipal water 
supplies taken from Lake St. Clair and 
the fact that these waters reach the 
head of Detroit River in four to five 
days. 


D. Water Gas 


Capacity was provided in the Detroit 
area for manufacturing carbureted 
water gas at the rate of 60,000,000 eu. 
ft. per day. The gas was blended 
with and supplemented natural gas. 
The operating season seldom exceeded 
three months and capacity production, 
if reached, was sustained only during 
the coldest weather when demand was 
high. 

Gas production was divided between 
four plants. One plant, equipped to 
produce one-third of the total output, 
discharged wastes to the Detroit sewer- 
age system. Two of the plants dis- 
charged to Detroit River between Belle 
Isle and confluence of the Rouge River. 
The fourth plant drained to Rouge 
River. 

During peak operation, wet tar was 
trucked to the Rouge River gas plant 
area from the other three plants and 
stored in earthen basins. This practice 
allowed additional time for gravity 
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separation of water and tar. This pro- 
cedure also relieved overloaded tar de- 
hydration equipment at the other 
plants and permitted full utilization of 
more efficient equipment at the Rouge 
River plant. Based on short-time stud- 
ies at two of these plants, the indicated 
maximum phenol pollution load from 
all three plants which discharged di- 
rectly to streams approximated 350 Ib. 
per day. 

A smaller water gas plant was lo- 
cated at Marysville. Tar separator 
effluent at this plant was pumped to 
a shallow lagoon, where it was expected 
that oxidation would render these 
wastes innocuous. Normally this sys- 
tem did eliminate these wastes as a 
pollution source. It was observed, how- 
ever, that surface runoff during and 
following heavy rainfall carried sub- 
stantial quantities of phenol from this 
lagoon area. These intermittent dis- 
charges of phenol entered a small 
tributary to the St. Clair River. 


E. Organic Chemicals 


One Wyandotte industry produced 
a variety of organic chemicals includ- 
ing alkyl phenols. Liquid wastes con- 
taining phenol were diverted through 
a pond affording a theoretical retention 
of five days. There was virtually no 
reduction in phenol concentration dur- 
ing this storage period. Analysis of 
these wastes indicated a daily phenol 
loss approximating 220 lb. at a fairly 
uniform rate. This discharge entered 
Monguagon Creek, a small tributary 
stream of Detroit River, Trenton 
Channel. 


Cyanides 


Coke-oven gas final cooler water was 
the most important source of cyanide 
waste in the area. Other by-product 
coke wastes and blast furnace flue gas 
wash water contributed additional hy- 
drogen cyanide. Metallic cyanides 
other than hydrogen cyanide occurred 
in wastes from surface cleaning of non- 
ferrous metals, electroplating, and to a 
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limited extent from case hardening of 
steel. The summation of evanide waste, 
determined and estimated, is given in 
Table I. 

The highly toxie character of free 
eyanide, 0.05 to 0.1 p.p.m. CN being 
reported fatal to fish, caused signifi- 
cance to be attached to even small 
quantities of cyvanide-bearing wastes 
(8) (9). Analytical work was con- 
fined to the eyvanide radical, even 
though other cvanogen compounds were 
known to be present in the by-product 
coke wastes. 


A. Coke-Oven Cyanide 


Hydrogen cyanide (HCN) is the 
principal cyanogen compound in coal 
gas. It is frequently referred to in the 
literature as ‘‘cyanogen.’’ However, 
cyanogen proper (C.N.) is present in 
coal gas in extremely small amounts, 
if at all (10). 

Hydrocvanic acid is a weak acid, by 
comparison much weaker than carbonic 
acid. It is an extremely water soluble 


compound and accordingly may be ex- 
pected in water condensed from the gas 
and other water that has been in con- 
tact with the gas. 
(26° C.) and correspondingly high 


Its low boiling point 
vapor pressure result relatively 
rapid volatilization from dilute aqueous 
solutions, at a normal pH range, when 
agitated and exposed to the atmosphere. 
Hydrogen cyanide in coal gas is a 
product of high coking temperatures 
and of secondary reactions (10). It is 
formed in coke ovens by the reaction of 
ammonia with carbon or such carbon 
compounds as acetylene. It has been 
shown that hydrogen cyanide produc- 
tion begins in coke ovens at about 600 
C. and increases progressively with 
temperature rise, the rate decreasing 
at the higher temperatures. Ammonia 
production declines above 850° to 900° 
C. as a result of thermal dissociation 
and conversion to other nitrogenous 
compounds, chiefly hydrocyanic acid 
(11). There are other factors besides 
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temperature believed to have bearing 
on hydrogen cyanide production, but 
their discussion does not come within 
the purview of this paper. 

Unit values for hydrogen cyanide 
recorded in Table II show marked 
variation for these by-product coke 
plants. The value of 1.34 lb. HCN per 
ton of coal carbonized, for plant A at 
the time of the survey, is believed to 
be far above the average coke plant. 
However, during winter operation, 
with cooling water temperature ap- 
proaching 0° C., the HCN unit value 
for plant A reached 2.1. Over 99 per 
cent of the HCN in plant A waste was 
in the gas final cooler water. This 
cooling water was discharged to a 
tributary stream some 3 mi. above con- 
fluence of Detroit River. The point of 
discharge was significant in that it 
allowed time for escape of HCN to the 
atmosphere and for conversion to less 
toxic eyanogen compounds _ before 
reaching the International Boundary 
Waters. 

Discharge of gas final cooler water, 
as at plant A, is not conventional prac- 
tice (7). Most semi-direct ammonia 
recovery coke plants employ closed sys- 
tems recirculating this final cooler wa- 
ter after it has been cooled by adia- 
batic evaporation in a cooling tower. 
The indirect cooling system with coils 
provides an alternate for areas where 
emission of HCN to the atmosphere 
might create an air pollution problem. 
Plant A has recently installed a closed 
system and now cools the gas final 
cooler water by means of an indirect 
cooling system. This system has merit 
where the unpurified gas satisfies in- 
dustrial requirements. However, when 
commercial gas is produced, increase of 
HCN in the gas places an added burden 
on the gas purification system. 

The indirect ammonia recovery sys- 
tem used by plants B and C provides 
adequate cooling of the gas in the 
counterflow ammonia scrubbers, there- 
by obviating the need for final coolers 
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ahead of the light-oil scrubbers. How- 
ever, the ammoniacal liquor of the in- 
direct system absorbs more HCN from 
the gas than it does in the semi-direct 
process because of the larger volume 
and lower temperature. The ammonia 
still effluent was the principal source 
of cyanide waste from plants B and 
C. Some HCN distills over with the 
ammonia into the ammonia water con- 
centrate. There is a strong tendency 
for thiocyanates to form in the ammoni- 
acal liquor from HCN in the presence 
of sulfides and free ammonia. Thio- 
cyanates have been reported as high as 
2,000 p.p.m. in the still waste (6). 
Other cyanide waste sources, of 
smaller quantities, were in condensates 
drained from the wash-oil and light-oil 
decanters in the by-products area. 
These condensates have been reported 
extremely toxic to fish. Coke quench 
water averaged 0.03 p.p.m. HCN. 


B. Blast Furnace Cyanide 


The HCN concentration of blast 
furnace flue gas wash water is relatively 
low, but still above that reported fatal 
to fish. Data for two blast furnaces 
studied gave an HCN range in concen- 
tration from 0.16 to 2.2 p.p.m. These 
results, correlated with flow and pro- 
duction, indicated an average of 20 
Ib. HCN daily in the flue gas wash 
water from a blast furnace producing 
1,000 tons of pig iron per day. This 
value has been applied to pig iron pro- 
duction from these blast furnaces dur- 
ing the years 1946 and 1947 to give an 
average daily discharge of 75 lb. HCN 
from this source. 


C. Metal Industries Cyanide 


The quantity of cyanide waste from 
metal industry sources was of the order 
of 1 per cent of the total discharged 
in the area. Sodium, copper, and zine 
eyanides were used in conventional 
plating operations. Detailed study of 
one electroplating plant revealed rinse- 
water maximum flow of 10 g.p.m., with 
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the cyanide concentration varying from 
6 to 214 p.p.m. (as sodium cyanide). 

Plating tank contents were very 
rarely discarded. Occasions for wast- 
ing the concentrated solution were: 
leaks, discontinuance of process, and 
build-up of sodium carbonate. Con- 
trolled discharge was the most common 
method for disposal of spoiled cyanide 
baths. 


Ammonium Compounds 


The alkali industry was the principal 
source of ammonia waste. Substantial 
ammonia losses occurred at one by- 
product coke plant. Miscellaneous am- 
monia waste sources included: organic 
chemical manufacture, coal tar distilla- 
tion, water gas, and plastics. Free am- 
monia and ammonium salts were de- 
termined, the results being summar- 
ized in Table I. 


A. Alkali Industry 


Inherent ammonia loss in manufae- 
ture of soda ash accounted for 70 per 
cent of the total ammonium compounds 
wasted. This waste was largely am- 
monium chloride and other relatively 
stable ammonium salts, which were not 
decomposed by steam and lime treat- 
ment in the strong ammonia liquor 
still. This loss represented roughly 25 
per cent of the ammonia produced by 
the three coke plants employing the 
indirect ammonia recovery process. 


B. By-Product Coke 


One coke plant was responsible for 
23 per cent of the total ammonia wasted 
in the area. This amounted to 0.56 
Ib. ammonia per ton of coal carbon- 
ized at this plant. These excessive 
losses occurred in both still waste and 
gas final cooler water. The ammonia 
concentration in the still effluent 
reached a high of 2,500 p.p.m., indicat- 
ing inadequate lime treatment. Efflu- 
ent from a properly operated ammonia 
still should not contain in excess of 
500 p.p.m. ammonia and normally will 
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be less than 300 p.p.m. The high am- 
monia in the gas final cooler water 
reflected inefficiency in conversion to 
ammonium sulfate at the saturator. 
Ammonia losses for all by-product coke 
operations represented 26 per cent of 
the total. 


C. Miscellaneous 


Waste discharged from this group 
of industries was influenced by batch 
processes and, in the case of gas manu- 
facture, by irregular operation. These 
intermittent releases of waste gave 
higher concentrations in the various 
effluents than the total ammonia loss 
would indicate. The outlets from these 
plants, with the exception of water gas, 
were to tributaries, which tended to 
smooth out these surges. Coal tar dis- 
tillation and the plant manufacturing 
organic chemicals each averaged slightly 
less than 200 lb. of ammonia loss per 
day. 


Oils and Greases 


In a heavily industralized area, such 
as Detroit and environs, it will be ap- 
preciated that innumerable sources of 
waste oil existed. However, most of 
the waste oil originated at 13 indus- 
trial establishmens. In fact, 87 per 
cent of the total oil reported in Table 
[I was discharged to Rouge River by 
one large automobile manufacturing 
plant. Waste grease and fats origi- 
nated as residues from lubrication of 
machinery, at reduction works, and 
from manufacture of such products as 
hydrogenated glycerides (hardened fish 
and vegetable oils), free fatty acids, 
and glycerine. 

Rolling mills for both steel and non- 
ferrous metals contributed substantial 
amounts of oil to the boundary waters. 
Pressure lubricated roll bearings were 
a significant source of waste oil, losses 
being dependent largely on seal and 
packing maintenance. These oil losses 
were reduced somewhat by use of wa- 
ter-lubricated phenolic bearings. Phe- 
nolic bearings are made of either can- 
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vas or belting fabric impregnated with 
phenolie varnish, dried, trimmed to de- 
sired size, and molded to shape under 
heat and pressure. <A second source of 
waste oil was that sprayed on the 
metal being rolled, where lubrication 
was necessary to preserve the metal and 
roll surface. A similar source was the 
emulsion formed from cleaning of 
strip, coated with oil subsequent to 
pickling. 

Soluble oil (soda water) used for 
cooling and lubricating stock during 
threading, boring, and other machining 
operations represented a second major 
type of oil waste. It was common prac- 
tice to discard this emulsion following 
varying periods of use and for any one 
of the following reasons: 


Sludge build-up. 

Accumulation of lubricating oil. 
Rusting of stock. 

Dermatitis affecting workmen. 

. Objectionable odor. 


Plant-seale demonstrations indicated 
that improved disinfectants and effec- 
tive purification systems would permit 
extended re-use of soda water. Puri- 
fication systems employed included: 
filtration, flotation, centrifuging, and 
plain sedimentation. 

Large-scale mechanical operations 
made lubricating oil losses inevitable. 
These losses were controlled in propor- 
tion to the operation and maintenance 
effort expended within the plant. In- 
stallation of pans beneath machines 
recognized as chronic ‘‘oil leakers,’’ 
proved beneficial. The benefits to be 
derived from detailed ‘‘oi] surveys’’ 
were clearly demonstrated. 

Miscellaneous greases and fats were 
relatively small pollution sources as 
compared with oil waste. The largest 
single source was one plant, where 
railroad tank car quantities of crude 
vegetable and fish oils, and soap liquors 
from soap manufacturers were proc- 
essed to give glycerine, hydrogenated 
elycerides, and free fatty acids. The 
conversion of soaps to free fatty acids 
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resulted in batch discharge of wastes 
from one oil trap having concentra- 
tions of ether-extractabie materials 
(oils, greases, and fats) as high as 3.8 
per cent. Survey data indicated a 
daily loss of approximately 3,900 lb. 
of dry solids from this plant, consisting 
principally of the salts of valuable 
fatty acids. 

Oil films on the lower Detroit River 
were a constant threat to water fowl. 
It was not uncommon to see oily wastes 
discharged to Lake St. Clair from 
county drains, with resultant damage 
to pleasure craft. Storm-water over- 
flow to Conner Creek likewise fre- 
quently carried slugs of oil. 


Suspended Solids 


The alkali industry was the major 
source of suspended solids. Other sig- 
nificant sources included: automobile 
manufacture, rubber tire production, 
cement plant, integrated steel mill, and 
salt manufacture. These six industries 
produced 90.5 per cent of the suspended 
solids wasted to United States bound- 
ary waters and tributaries. Suspended 
solids losses are reported by areas in 
Table I. 


A. Alkali Industry 


Large quantities of caleium carbon- 
ate, as a filter cake, were produced in 
manufacture of caustic soda. <A _ por- 
tion of this caleium carbonate was used 
locally in production of cement, but 
the surplus was considerable. Large 
slurry lagoons, located on Zug Island, 
Fighting Island, and Grosse Ile were 
used for removal of the coarser solids. 
One plant, with inadequate sedimenta- 
tion facilities, wasted in excess of 600 
tons of suspended solids daily to the 
lower Detroit River, essentially as 
calcium carbonate slurry. Suspended 
solids entering the boundary waters 
from three alkali plants amounted to 
74.5 per cent of the total for the area, 
or approximately 700 tons daily. 

The total solids wasted to the bound- 
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ary waters by the alkali industry ap- 
proximated 6,500 tons daily. In addi- 
tion to calcium carbonate, these wastes 
contained calcium chloride, unreacted 
brine, and some calcium sulfate formed 
from the sulfate impurities in the brine. 


B. Automobile Manufacture 


Suspended solids from one self-con- 
tained automobile manufacturing plant 
included: iron oxide mill scale, iron 
ore, coke fines, and paper pulp. Highly 
diversified manufacturing operations 
created innumerable other sources of 
suspended solids in liquid wastes of 
importance in aggregate. These wastes 
represented 7 per cent of the area total, 
approximately 65 tons of suspended 
solids daily. 


C. Integrated Steel Mill 


Mill scale, iron ore, and coke fines 
were the principal solids in these 
wastes. Based on similar plants, these 
suspended solids were estimated to to- 
tal 64 tons daily. One-third of these 
solids was discharged to Detroit River 
from Zug Island and the remainder ap- 
proximately 2 mi. downstream. 


D. Rubber Tire Production 


These solids were largely soapstone 
slurry losses from the plasticators and 
the mills, and carbon black from the 
Banbury mixers. Occasional overflow 
was reported from the slurry storage 
tanks. Suspended solids from this 
plant averaged 22 tons daily. 


E. Cement Plant 


Stack washers were used in conjunc- 
tion with a multicone dust collection 
system. Limestone and clay dust 
amounted to as much as 22 tons per 
day in this stack washer water. This 
waste entered the old channel of Rouge 
River. 


F. Salt Manufacture 


Sludges from brine treatment were 
discharged intermittently. Approxi- 
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TABLE III.—Acids Discharged Daily 
to United States Waters 


| 
Materials Discharged CaCO; 

| Equivalent! 
(lb./day 


Type (Ib. ‘day 
H.SO, | 16,800 | 17,500 
FeSO, | 27,800 18,300 


| 
H.SO, 12,000 | 12,500 
| 


H.soO, | 550 | 570 
FeSO, | 178,000 | 117,000 


H.SO, | 80 
FeSO, 2,700 


HC! | 57,500 
HCl | | 3,100 
H.SO, 900 | 2,000 


H.SO, | 470 
FeSO, 2,300 | 1,500 


H.SO, 320 330 
FeSO, 1,600 | 1,050 


H,SO, | 320 330 
CuSO, 420 260 


H.SO, 450 | 470 
CuSO, | 580 365 


| 
Total | | 236,020 


1 Computed on basis of sulfate. 
? Weekly and monthly dumping converted 
to daily basis. 


mately 15 tons of calcium sulfate, in 
a very finely divided form, were dis- 
charged over a 4- to 5-hr. period daily 
into St. Clair River. Every three weeks 
some 90 tons of calcium carbonate and 
19 tons of magnesium hydroxide, as a 
10 per cent slurry, were flushed to Pine 
River during a 5-hr. period. 
Acids 

Significant quantities of acid wastes 
were discharged from 11 manufactur- 
ing plants. Waste pickle liquor was 
the principal source, accounting for 68 
per cent of the total recorded in Table 
III. With the exception of the two 
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plants processing non-ferrous metals, 
these acid wastes entered Detroit River 
through and downstream from conflu- 
ence of Rouge River. 

One company operating at two loca- 
tions along the lower Detroit River 
(plants C and D, Table ITI) neutral- 
ized most of the free acid present in 
the pickle liquor. It will be noted in 
Table III that the hydrolyzable sulfate 
in the partially neutralized waste 
still represented considerable acidity. 
Sludge resulting from lime treatment 
was discharged along with the partially 
neutralized liquor. 

The two plants manufacturing cop- 
per and brass products discharged to 
Detroit River approximately 2 mi. 
above confluence of Rouge River. Most 
of the pickle liquor tanks used in clean- 
ing non-ferrous metals were on a 30- 
day dumping schedule, although some 
liquors were used 90 days before waste- 
ing. Dissolved salts were primarily 
copper sulfate, with lesser amounts of 
zine sulfate. 

Hydrochlorie acid wasted by plant 
E was an abnormal condition. This 
acid resulted from substitution of 
sodium chloride for soda ash in process 
during a temporary shortage of soda 
ash. 

Waste pickle liquors were usually 
dumped over relatively short periods. 
Concentrations of these pollutional ma- 
terials in the receiving waters thus 
reached levels far above those indicated 
by the average daily discharge. These 
slugs of acid wastes were readily de- 
tected by color for considerable dis- 
tances below the points of discharge. 

In connection with these acid wastes 
having a calcium carbonate equivalent 
of 118 tons daily, it is of interest to 
note that the alkali industry in the 
Detroit area wasted daily to Detroit 
River approximately 700 tons (dry 
solids) ealeium carbonate as a slurry. 
The high dilution available and the 
shoaling tendeney of these solids re- 
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sulted in only local increase in alka- 
linity of the receiving waters. 


Biochemical Oxygen Demand 


Waste from manufacture of sulfite 
pulp and paper was the largest source 
of B.O.D. in the area. Other wastes 
having significant amounts of B.O.D. 
included those from a large plant 
manufacturing automobiles, production 
of plastics, and from a beet sugar fac- 
tory. A large miscellaneous group of 
industries produced wastes having 
varying amounts of B.O.D. The popu- 
lation equivalent of 1,775,000 (B.O.D. 
basis) given in Table I, which does not 
include the material dredged from 
Rouge River, is believed to be a conser- 
vative value. 


A. Pulp and Paper 


Two sulfite pulp and paper mills 
produced wastes having a population 
equivalent slightly in excess of 
1,000,000. Approximately one-third of 
this pollution load was discharged to 
Black River some 1.5 mi. above con- 
fluence of St. Clair River; the other 
two-thirds entered the old Rouge River 
Channel in the Zug Island area. These 
wastes represented 58 per cent of the 
total B.O.D. originating from indus- 
tries operating on the U. S. border. 

The highiy pollutional digester 
liquor, with an average 5-day B.O.D. 
of 45,000 p.p.m., accounted for 80 per 
cent of the B.O.D. from these pulp and 
paper mills. This sulfite liquor con- 
tained dissolved organic matter repre- 
senting the noncellulose constituents of 
the wood, which include lignin and 
carbohydrate or sugar substances 
originating in the hemicellulose. The 
sulfite pulp mills produced 96 per cent 
of the pollution load from this industry 
and the adjoining paper mills only 4 
per cent. 


B. Automobile Factory 


The industrial wastes discharged 
from this plant had a_ population 


BOUNDARY WATERS POLLUTION 


533 


equivalent of 280,000 or 16 per cent of 
the total for the area. These wastes 
entered Rouge River approximately 3 
mi. above confluence of Detroit River. 
This pollution problem was compli- 
eated by the heterogenous character of 
the wastes and the magnitude of the 
plant. 


C. Plasties 


The average population equivalent of 
wastes from this industry was 80,700. 
This represented 4.5 per cent of the 
area total. A substantial portion of 
this waste resulted from manufacture 
of phenolic resins. Normally, dis- 
charge was to the Detroit sewer system. 
Combined sewage overflows allowed re- 
lease at times to a tributary of Clinton 
River. 


D. Beet Sugar 


This factory produced a_ seasonal 
waste with an estimated population 
equivalent of 80,000, or 4.5 per cent of 
the total. Discharge was to Clinton 
River. 


E. Miscellaneous 


The remaining 17 per cent of the 
B.O.D. originated from a great variety 
of industrial operations. Although the 
pollution caused individually was rela- 
tively small, the combined population 
equivalent of 300,000 was significant. 


Special Studies 
Dredging Operations 


The lower Rouge River, with its low 
velocities, was susceptible to shoaling. 
These solids were largely of industrial 
origin intermixed with sewage solids 
and alluvial material. The high rate 


of accumulation resulted in an annual 
program of maintenance dredging es- 
sential for navigation. These dredging 
operations were conducted each sum- 
mer for a period of approximately 50 
days. 
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Dredging was performed with a hop- 
per dredge having a capacity of 935 
eu. yd. Dredged material was dumped 
into the Detroit River at the head of 
Fighting Island, some 300 ft. west of 
the International Boundary Line and 
1.5 mi. downstream from confluence of 
the Rouge River. The operation sched- 
ule was such that 10 trips were made 
each 24-hr. day. 

The average daily discharge of 
dredged material to Detroit River con- 
tained 11.4 tons of iron (Fe), 17,400 
gal. of oil, 2,700 lb. of sulfides, 325 
tons of volatile solids, and a B.O.D. 
population equivalent of 373,000. 
These operations resulted in the trans- 
fer of a heavy mass of pollutional ma- 
terial from a tributary to the boundary 
waters. The pollutional effect of this 
material was traced 3.2 mi. by increases 
in coliform organisms, chlorides, and 
turbidity. 

Overflow from the dredge hoppers 
carried approximately half of the solids 
pumped. This overflow, together with 
bottom disturbance, caused a_ sub- 
stantial increase in solids discharged 
from the Rouge River. This in turn 


was reflected by an increase in shore 
pollution of Detroit River extending 
from 400 to 900 ft. from shore and for 
approximately 4.5 mi. downstream. 


Navigation Wastes 


Passenger and other vessels navigat- 
ing the Detroit River, Lake St. Clair, 
and St. Clair River, or any part there- 
of, carried nearly 3,000,000 persons 
during the 1947 navigation season. The 
greatest concentration of vessel com- 
merce occurred on the Detroit River, 
where total vessel passages exceeded 
28,000, representing a net tonnage of 
99,000,000. Freighters plying St. Clair 
River and Lake St. Clair transported 
77,000,000 net tons. 

Some large passenger boats and fer- 
ries were equipped with retention 
tanks for storage of sanitary sewage 
while at dock. It was customary to 
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empty these tanks only in the Great 
Lakes at points remote from shore. 
Although this practice protected the 
harbors, it contributed masses of sew- 
age in limited areas along the naviga- 
tion routes. Other vessels following 
shortly thereafter could draw this con- 
taminated water for drinking and euli- 
nary purposes. Freighters plying these 
International Boundary Waters dis- 
charged sewage promiscuously, a dis- 
tinct health hazard in the vicinity of 
water intakes and bathing beaches. 
The population equivalent of naviga- 
tion sewage for these boundary waters 
was estimated to average 3.900 at the 
height of the navigation season. 

Garbage accumulation was estimated 
to average 2,000 lb. per day during 
the peak of the season. Navigation 
companies reported that garbage and 
refuse were stored in containers and 
subsequently disposed of at shore 
points or on the Great Lakes. It was 
not uncommon to see floating garbage 
on these boundary waters. 

Bilge water included seepage through 
the hull, leakage in water lines and 
from pumps and machinery, and wash- 
down water. It accumulated at the 
lowest level of the and con- 
tained lubricating oils, greases, and like 
wastes. This mixture was discharged 
intermittently by the bilge pumps and 
was frequently the source of an irri- 
descent oil film trailing freighters. 
3ased on records of bilge pump oper- 
ation and of oil consumption, oil thus 
discharged was estimated to be about 
40 g.p.d. 

Ballast 


vessels 


water constituted another 
pollution souree of variable signifi- 
cance. Common practice was to take 
on ballast water while unloading and 
to discharge it as cargo was received. 
It was not uncommon to pump ballast 
water overboard while en route to 
lighten the load and to increase the 
speed. Thus, grossly polluted water 
taken aboard at one point was trans- 
ferred occasionally to zones of cleaner 
water. 
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PROGRESS IN POLLUTION CONTROL 


Progress and control or elimination 
of pollution was substantial during the 
period of the investigation. The factors 
contributing to advancement were 
availability of materials following 
termination of World War II, stimu- 
lation by state and provincial authori- 
ties and interest of sportsmen’s organi- 
zations and the public generally, re- 
search into waste disposal methods, and 
the activities associated with the in- 
vestigation. At the time hearings were 
held by the I.J.C. in 1949, it was esti- 
mated that about $5,000,000 had been 
spent by industry on corrective meas- 
ures since the investigation started. 
This corrective activity is continuing 
at substantially the same level at the 
present time. 

Industries have shown a willingness 
to cooperate with the Commission and 
state and provincial agencies in solv- 
ing the problems. Similar cooperation 
has been shown by municipalities, but 


it has been less productive largely be- 
cause of financial difficulties. 


Continuing Program 


Application of the ‘‘reasonable use”’ 
doctrine to these waters requires that 
industrial waste control programs pro- 
vide treatment sufficient to prevent de- 
struction or impairment of water for 
other normal uses. Such treatment 
must be adequate not only for the 
present, but also must insure that new 
industries or new industrial processes 
will not jeopardize the rights of other 
legitimate water users and at the same 
time will be permitted to utilize their 
fair share of the water resources for 
waste disposal purposes. This is in- 
dustry’s obligation and it must con- 
tinue to proceed with research and 
planning required for bringing and 
keeping this problem under proper 
control. 
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DISCUSSION 


By L. A. DANSE 


Chairman, General Motors Industrial Waste Control Committee, Detroit, Mich., and Industry 


Member, U. 


The complexity of the problems 
which arise in a heavily industrialized 
area, such as that mentioned, are ren- 
dered more difficult by virtue of the 
fact that this region is along the border 
between the two nations. Notwith- 
standing the fact that both the Ontario 
provincial authorities and the Michi- 
gan-Ohio state authorities have 
pressing the needs of the area, stark 
realism forces the admission that the 
local people, both municipal and indus- 
trial, have to some extent temporized 
and procrastinated ; pointing the finger 
at the fellows over the border. 

This situation made it all the more 
necessary that the work of the Interna- 
tional Joint Commission should be 


been 


prosecuted diligently and impartially. 
It is a matter for deep gratification 
that this paper attests the determined 


and thorough nature of the engineering 
investigation conducted. 

The well-planned and well-organized 
nature of this paper is typical of the 
care taken and the effort exerted to 
set up and to carry through the bound- 
ary water survey. Those of us who 
live and work in the Border Cities feel 
indeed fortunate to have had the caliber 
of engineers and the completeness of 
coverage of their work. 

It has been noteworthy to follow the 
survey and hearings and to observe the 
change in attitude of the communal 
thought. As the work progressed, the 
gereat care with which it was being 
carried out impressed all concerned. 
And the uncompromising fairness of 
the participating engineers sold a lot 
of people who had been inclined to 
dodge the issue. 

Industry in the border area soon re- 
sponded to the evidences of impartial- 
ity, fairness, and dire need, as devel- 
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oped by the Commission ; so that it was 
generally agreed that here was the sort 
of group to get the job done; and here, 
also, were fair solutions for the diffi- 
culties. 

Having had the pleasure of hearing 
two of the resident engineers-in-charge 
report the progress of their work, the 
General Motors Industrial Waste Con- 
trol Committee went on record in ap- 
proval and helped spread the leaven 
through the industrial community by 
mention of the energy, enthusiasm, and 
foresight of those in charge. 

The pattern set by the survey crews 
was extremely valuable to industry in 
demonstrating the procedures essential 
to acquiring adequate information up- 
on which to base recommendations 
for control measures. The _ logical 
proofs offered of the effects of indus- 
trial wastes upon the publie waters sur- 
mounted all objections and carried con- 
viction to the public as well as to 
industry. Discussion with industries, 
backed by previous study of the proe- 
esses involved, left no stone unturned 
in developing sources of pollution. 
Stream surveys were so well laid out 
and so well checked that tracing both 
the sources and the effects of pollution 
was assured. Study of existing treat- 
ment facilities thoroughly established 
the conditions of their operation. 

The candor with which pollutional 
loads, constituents, causes, and results 
were outlined and evaluated left little 
doubt that here was an organization 
which could—and would—clean an 
augean stable. 

While few industrialists would be 
inclined to oppose the survey or go 
contrary to the recommendations of 
those in charge, the minute details of 
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the investigations and checks reported 
were overwhelming in their significance 
that now there was to be a blueprint 
and all that devolved was to follow it 
and clean up. 

Particular interest inheres in the 
mention of ‘‘Special Studies.’’ Here, 
again, is evident the fine-toothed 
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comb; and, again, the fairness of the 
evaluation of the problem. 

The expressed sentiments of many 
industrial executives after being in- 
formed regarding the boundary water 
survey were that here was a group that 
was laying out a route which would be 
safe and sure for industry to follow. 


DISCUSSION 
By A. D. McRag 


Imperial Oil Ltd., Sarnia, Ontario, Canada 


Dr. Berry has given a very precise 
presentation on the findings of the 
Canadian section covering the survey 
of industrial wastes in the Lake Huron- 
Lake Erie section of the international 
waterways. The survey, in itself, was 
a tremendous undertaking, which re- 
quired more than two years to com- 
plete and employed the services of the 
combined staffs of both federal and 


provincial public health engineers and 


chemists. Subsequent to this survey, 
Canadian industrial representatives 
were invited to attend public hearings 
at Windsor, Ontario, in November, 
1948, to discuss ways and means of 
abating the discharge of industrial 
wastes into boundary waters. The In- 
ternational Commission and the Board 
of Technical Advisers are to be com- 
mended for the way in which these 
hearings were conducted. The Com- 
missioners listened to a large volume 
of evidence and statements and a spirit 
of cooperation prevailed throughout the 
three days of the hearings. In general, 
Canadian industry has a fairly concise 
plan for abatement of pollution and 
it was indicated that large sums of 
money were spent in the past and 
would be spent in the future to insure 
that the above waterways would re- 
main suitable for wild life, fishing, 
bathing, drinking water supplies, and 
service water for industry. 


It is reassuring to note that taste and 
odor problems have been practically 
eliminated since the start of the survey 
of the above international waters in 
1946. Shore line contamination has 
been reduced considerably. These im- 
provements, it is felt, have been due 
to the concerted efforts of United States 
and Canadian industry to reduce the 
discharge of deleterious substances in 
order to conform to the Commission’s 
objectives for boundary waters quality 
control. 

A total of $3,000,000 was estimated 
for control of pollution for Canadian 
industry. This estimate was made in 
1948, and is now considered somewhat 
conservative due to increased costs of 
materials and labor. However, in- 
dustry will keep faith with the Com- 
mission and will carry out its promises 
to the best of its ability. Since 1944, 
a great deal has been learned from 
authorities on sanitary engineering and 
those in public health work. The field 
engineers conducting the survey in 
1946 were given an opportunity of 
studying the varied industrial processes 
which border on the international wa- 
terways. A ‘‘cards-on-the-table’’ atti- 
tude by Canadian industry was the 
rule rather than the exception. In 
turn, the technical staffs in industry 
became acquainted with many new as- 
pects of the science of sanitary engi- 


+ 
7 = 
ies: 
: 
be 
§ 
< 
| 
: 
3 
hay 
tes 


538 


neering and they have applied this 
knowledge in programs of judicious 
waste disposal. In the larger indus- 
tries, specialists in industrial waste dis- 
posal and conservation have directed 
the activities of pollution abatement. 
In many cases the monetary gain in 
reduction of pollution is a secondary 
consideration. 

Public opinion is of paramount im- 
portance and today industry considers 
itself lucky if it can break even for 
expenditures on pollution abatement. 
Many methods of production have been 
altered since 1946, in order to reduce 
the pollution load on boundary waters. 
In conjunction with these changes, 
utilization of by-products has been ac- 
complished and many waste materials 
have been eliminated. It is interesting 
to note that in the distilling industry, 
1 bu. of grain will yield 1.2 bu. of 
cattle food, which was formerly dis- 
carded as a waste material. The pe- 


troleum refining industry is consider- 
ing the use of cooling towers for serv- 


ice water, even in areas where water 
is plentiful, in order to reduce the tem- 
perature and volume of waste water. 
A program of diversion of clean cool- 
ing water has reduced the volume of 
water through terminal oil separators, 
giving a much lower oil content in the 
water discharged. Taste- and odor- 
forming components have been im- 
pounded, and the use of biological oxi- 
dation is being seriously considered for 
the complete destruction of these com- 
ponents. As the international water- 
ways have a very rapid recovery in 
dissolved oxygen content, it is reassur- 
ing to know that some oxygen consum- 
ing wastes can be discharged judici- 
ously and without affecting the oxygen 
balance of the river. 

Each industry has recognized the 
danger of discharging sanitary sewage 
in trade wastes; in many cases this sew- 
age has been diverted to municipal sew- 
ers or septic tanks. If this has not 
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been done already, industry has made 
plans to make the diversion as soon as 
the municipalities have decided on the 
route of sanitary sewers to the pro- 
posed sites of sewage disposal plants. 

It is felt that industry should follow 
up the individual programs of pollu- 
tion abatement by means of meetings 
of representatives interested in waste 
disposal. Recently, the first industrial 
waste forum in Canada was inaugu- 
rated at the 17th Annual Convention 
of the Canadian Institute on Sewage 
and Sanitation. At this forum repre- 
sentatives from the distilling industry, 
synthetic rubber, and petroleum refin- 
ing gave papers on waste disposal in 
their respective industries. It is sug- 
gested, also, that possibly quarterly 
meetings of industrial representatives 
could be held at various points in On- 
tario to discuss mutual problems in 
waste disposal and pollution abate- 
ment. <A plan for efficient waste dis- 
posal in industry will confer benefits 
on the plant that is wise enough to 
institute a thorough study of the prob- 
lems involved in the treatment of 
wastes. A program of good housekeep- 
ing will be in accord with federal and 
provincial programs of pollution abate- 
ment. Also, development of by-prod- 
ucts and a better understanding of pro- 
duction efficiency will result from anti- 
pollution activities. 

Industry feels that it should partici- 
pate in an advisory capacity in the 
formulation of policies and the solu- 
tion of technical problems involved in 
setting up control limits on pollution. 
The pollution abatement program is of 
necessity long-ranged, because of the 
complexity of waste materials and the 
research required to develop methods 
of treating these wastes. In compari- 
son, the handling of sanitary sewage 
is a somewhat simple affair and govern- 
ment agencies and the public will have 
to be patient while industry works out 
its own solution. 
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THE OPERATOR’S CORNER 


ConpucTep BY HerBert P. ORLAND 


In a panel discussion on ‘‘ Public 
Relations Between City Officials and 
Their Water and Sewage Works Oper- 
ators,’’ presented at the 1950 Annual 
Meeting of the South Dakota Water 
and Sewage Works Conference, there 
was considerable thought-provoking 
comment both by the panel members 
and by individuals in the audience. A 
few points made are worthy of fur- 
ther emphasis here. 

Two mayors on the panel brought out 
the fact that a more satisfactory work- 
ing arrangement could be achieved if 
they could have closer cooperation from 
the operator in being kept advised as 
to plant condition and the operator’s 
needs, and if the operator would attend 
council or commission meetings to be- 
come better acquainted with the gov- 
erning officials. 

One panel member pointed out that 
‘fat least once a year all the city offi- 
cials visit all of the various municipal 
installations of the community.’’ We 
should hope so—and that they do not 
feel overly acquainted with conditions 
at the plants by reason of an annual 
visit ! 

Another point emphasized in the dis- 
cussion was that incoming councilmen 
or other city officials generally are en- 
tirely unfamiliar with the plants and 
it behooves the operators to immedi- 
ately acquaint them with the installa- 
tions, their operation, and what the 
operators are doing to provide efficient, 
satisfactory service. 

All this can be summed up in one 


CITY HALL RELATIONS 


short statement: ‘‘The operator must 
take his problems to the city officials 
and not wait for them to come to him.’’ 
Very few councilmen, commissioners, 
or even mayors will come seeking the 
troubles they have entrusted to the 
operator unless those same troubles are 
called to their attention, usually by 
irate citizens who feel they have legiti- 
mate complaints. By that time much 
good will has been damaged, if not 
sacrificed altogether. How much bet- 
ter to forestall all this by being fore- 
handed in laying the difficulties before 
the proper authorities. 

The simple acts suggested herein 
would seem so obviously to be functions 
of the operator’s job as to need no 
comment. However, it is human nature 
to overlook the obvious under the pres- 
sure of daily problems. No operator 
wants to become known as a chronic 
nuisance to municipal officials. How- 
ever, a forthright, sincere effort at 
acquainting those same officials with 
the ‘‘why’s’’ and ‘‘wherefor’s’’ of 
plant operation and maintenance re- 
quirements, not to mention additions 
and improvements, is certainly a 
worth-while one. 

All too often an operator spends 
much of his time trying to build good 
public relations, only to neglect almost 
to the point of ostracism some of his 
most valuable relations—those at the 
city hall. Are you doing all you should 
to make the ‘‘why’s’’ of your needs 
known to those who hold the purse 
strings? 

H. P. O. 
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SETTLING TANK WEIR CLEANER 


By Fioyp A. Gerarp 


Senior Civil Engineer, North Side Sewage Treatment Plant, Sanitary District 
of Chicago, Skokie, Ill. 


Accumulation of floating debris and 
growths on the weirs of final settling 
tanks causes poor distribution of flow 
and makes a very unsightly tank sur- 
face. The problem of cleaning these 
weirs and keeping them clean has al- 
ways been a tedious and time consum- 
ing task. It was solved, however, at 


least as far as the Sanitary District of 
Chicago was concerned, by a simple 
mechanical weir cleaner. 

In 1936 the District placed in opera- 
tion at the North Side sewage treatment 
plant twelve 75-ft. diameter final set- 
tling tanks. These tanks were equipped 
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with rigid weir wipers of rubber belt- 
ing attached to the sludge removal 
mechanism by a steel frame. The 
original rubber wipers wore rapidly 
and were soon useless, because the 
weirs were not concentric with the 
center pier and mechanism. In turn, 
several different types of cleaners were 
built and tested. Some were too com- 
plicated and expensive to build; others 
wore very rapidly and failed to remove 
the growths and debris. Finally, a 
very simple weir cleaner was developed 
and has been in use ever since. 

It consists of two lengths of used 


o 
> 


Sefety 
Col 


Sludge remera/ 


= 
&) 


srougn 


FIGURE 1.—Simple chain and pipe device attached to sludge removal mechanism cleans 
effluent weirs mechanically. 
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3-in. coil chain about 2 ft. long at- 
tached to hooks on the original steel 
frame. These chains are crossed and 
ride on top of the weir. Attached to 
the trailing end of the inner chain, 
which crosses over the top of the weir, 
is a piece of 6-in. pipe about 4 in. long 
(see Figure 1). This pipe rides up- 
right on top of the conerete ledge and 
has a tendency to pass around obstruc- 


tions and remain on the ledge. A third: 


length of chain is hung from the walk- 
way so that it wipes the outside of the 
influent well baffle as it rotates. The 
scraping or wiping action of these 
chains and the pipe keeps the weirs 
and surface of the tank clear of growths 
and unsightly debris. The positions of 
the chains are changed yearly to dis- 
tribute the wear. Light safety chains 
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are attached to the trailing ends of the 
cleaning chains so that they can be re- 
covered should they wear through. It 
is estimated that the life of the chain 
is approximately four years. 

This weir cleaner was so satisfactory 
at the North Side plant that a ‘‘twin’’ 
version hanging from a single arm was 
adapted to the concentric double weirs 
of the final settling tanks at the West- 
Southwest sewage treatment plant. 
With a little study this type of cleaner 
could be adapted for use on any style 
of weir or effluent channel. 

These simple but practical devices 
were devised by the writer under the 
direction of J. R. Palmer, engineer of 
plant operation, and have solved a very 
perplexing problem and saved many 
hours of labor. 
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C. C. Larson, Leader 
Chemist, Springfield Sanitary District, Springfield, IU. 


Sampling Technique 


Gail P. Edwards, Professor of Sani- 
tary Chemistry, New York University, 
New York City (formerly, Chief of Lab- 
oratories, Department of Public Works, 
City of New York) :—In sampling and 
analysis procedures there is no question 
but that sampling is much more diffi- 
cult and unsatisfactory. Night sam- 
pling, of course, is notoriously bad. 

With the shortage of men during the 
war, a new system was tried at one 
of the small activated sludge plants in 
New York City. Instead of getting 12 
or 24 rather indifferent samples during 

*From transcript, Twenty-Third Annual 
Meeting, Federation of Sewage and Indus- 
trial Wastes Associations; Washington, D. C.; 
October 9-12, 1950. [The remainder of the 
Forum discussion, covering the subjects of 
‘*Public Relations’? and ‘‘Effect of Syn- 
thetic Detergents on Sewage Treatment 
Plants,’’ will appear in an early issue.—Ed.] 


a day, a program of concentrating on 
a few properly collected samples was 
started. The day was divided into 
four parts aceording to flow. 

It happened that at this particular 
plant, which had a flow of about 16 
m.g.d., 4 m.g.. was received between 
8:00 a.m. to 2:00 p.m., another 4 m.g. 
from 2:00 to 7:00 p.m., another 4 m.g. 
from 7:00 p.m. to 12:30 a.m. and the 
fourth 4 m.g. between 12:30 and 8:00 
a.M. The medians of those flows came 
at about 11:00 a.m., 4:00 p.m., 10:00 
p.m., and 4:00 a.m. 

Arrangements were then made for 
the watch engineer himself to pick up 
the samples on his regular tours of in- 
spection. In order to make the sched- 
ule coincide with his tours of inspec- 
tion, the sampling hours were changed 
slightly from the median times. Thus, 
the samples were picked up at 10:00 
a.m. and 3:00 p.m. (both during the 
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day watch), at 10:00 p.m. (night shift), 
and at 5:00 a.m. (swing shift). 

The procedure is not recommended 
for raw sewage sampling, which is bad, 
no matter how it is done. Probably 
24 hourly samples would be better, in 
this case, even if they are poorer than 
the four good ones. 

We were a little doubtful as to 
whether the sampling scheme would 
work out for primary settling tank 
effluents. In other words, with a 1-hr. 
or 2-hr. detention in primary tanks, it 
was a little questionable whether the 
short period would offset the differences 
that might be expected in the flows. 
However, it was thought that it might 
work out very well for aeration tank 
effluents or for final tank effluents. 

The revised sampling program was 
begun with everything except the raw 
sewage. To our satisfaction, the values 
smoothed out and became much more 
consistent than ever before. The pro- 
gram worked out so satisfactorily that 
even with the return of operators after 


the war this system of sample collee- 
tion was continued at that particular 


plant. One advantage is that the four 
samples are automatically proportioned 
according to flow. 

Of course, the most important thing 
about such a scheme is that the samples 
must be taken by a trustworthy, inter- 
ested, reliable, and trained person, such 
as the watch engineer. Just to substi- 
tute a few poor samples for a lot of 
poor samples is not a solution. How- 
ever, substitution of a few good sam- 
ples for many bad ones is certainly an 
improvement. There is no question but 
what it would be more advantageous 
to get 6, or 12, or 24 good samples 
day. Nevertheless, under the cireum- 
stances, it had worked out very well 
indeed. 

This system probably would not be 
satisfactory for a large plant. Obvi- 
ously, it will not work out too well 
where the plant superintendent has so 
much administrative work that he may 
or may not get out to get the regular 
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samples, or if the plant is so large that 
it would take him a good many hours 
to make the rounds. However, in a 
smaller plant, such as the one men- 
tioned where the flow was about 15 to 
16 m.g.d., it did work out quite satis- 
factorily. 

As to automatic samplers, our ex- 
perience has been that, although the 
sampler itself may be satisfactory, the 
flow to it must be representative or a 
poor sample will be obtained. For ex- 
ample, we sampled out of a 72-in. 
settled sewage line. The outlet from 
the line was at the perimeter of the 
pipe and the samples obtained did not 
check with any previous experience or 
with what was known to be the con- 
dition. Of course, if the sample is 
taken at the bottom, it will be heavy; if 
obtained on the side or near the top, 
it will be lighter. 

A great deal of care must be taken 
to select a good sampling point. For 
example, too much turbulence must 
be avoided. I have seen sampling 
places that looked as though they would 
be very satisfactory, but the turbulence 
was so great that a laborer couldn’t 
handle a sampling pole. If he were 
told to take a sample there his effort 
would be half-hearted and the sample 
would almost always be very poor. 

It cannot be overemphasized that 
the whole sampling job must be done in 
the easiest way possible to get a good 
sample. Making it difficult makes it 
almost certain that the directions will 
not be carried out—except while the 
man is being watched. Of course, the 
best time to find the sampling point is 
when the plant is being designed. 

A very good example of this condi- 
tion was observed at New York’s Wards 
Island plant. As the plant was origi- 
nally designed, there were effluent weirs 
at both ends of the final settling tanks. 
These troughs discharged to channels, 
which merged and dropped at a man- 
hole. It looked like a very good place, 
but actually we almost never got a 
sample from both channels. It always 
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came from one channel or the other. 
The condition became very apparent a 
little later on when some changes were 
made in the final tanks and 90 per cent 
of the effluent came through one chan- 
nel. However, because it was easier to 
get a sample of the 10 per cent side, 
that is the one that was sampled. The 
smaller flow might have 30 or 40 p.p.m., 
whereas the larger flow might have 8 or 
10 p.p.m. Still, very often, when the 
samples went to the laboratory there 
would be 30 p.p.m. of suspended solids, 
although, obviously, that was incorrect. 
It is not practical to collect a sample 
of the combined flow. 

Thus, it should be emphasized that 
whether the sample is taken automati- 
cally or manually a good sampling 
point is necessary. 

The words ‘‘good’’ and ‘‘bad’’ have 
been used in reference to samples. To 
me, a good sample is a representative 
sample. It represents what is going 
out of the plant or through the section 
There is 


of the plant being sampled. 
a wide divergence of opinion among 
operators as to what is a good sample 


and what is a bad sample. We have 
tried to get samples of primary sludge, 
for example, by taking them out of a 
pump. Now, a laborer’s concept of a 
good sample seemed to be one that had 
anywhere from 10 to 20 per cent solids. 
As soon as the pump was started the 
first slug would be very heavy, and 
that is what he would collect. We had 
te eliminate sampling from the pumps 
for that reason, because the laborers’ 
idea of a good sample and ours didn’t 
check. A good sample is a representa- 
tive sample. 

E. G. Studley, Principal Civil Engi- 
neer, Los Angeles, Calif.:—I assume 
that these samples are on a 24-hr. basis 
and that they are kept on ice? 

Dr. Edwards :—That is correct. The 
samples are brought directly into the 
laboratory. The sampling day runs 
from 8:00 a.m. to 8:00 a.m. 

Mr Studley:—So far the discussion 
on sampling has to do with the liquids. 
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What is your technique for the sam- 
pling of filter cake and dried ferti- 
lizer ? 

Dr. Edwards:—We don’t happen to 
have either one of those at any of our 
plants. However, we do have our 
troubles with sampling sludge. At 
Wards Island, for example, there is a 
quick-opening valve on the line dis- 
charging from the storage hoppers to 
the sludge vessels. The men are in- 
structed that every 10 min. during the 
loading of a boat they are to give that 
quick-opening valve a jolt and get a 
sample in a bucket. They do pretty 
well—if they are watched. 

Thomas E. Robertson, Superintend- 
ent, Sewage Treatment Plants, Spar- 
tanburg, S. C.:—Mr. Edwards, you 
stated that it wouldn’t do to take a 
sample where there is too much turbu- 
lence. At Spartanburg we have de- 
signed an automatic sampler which we 
think is about as good as can be. This 
machine works on the principle of the 
old-fashioned paddle wheel and the 
whole machine rides on floats. Of 
course, as the flow increases the ve- 
locity increases, causing the machine 
to collect samples in proportion to flow. 
I can see your point in taking a hand 
sample, but this machine rides at flow 
level and is sampling on a continuous 
basis. However, a shallow weir is in- 
stalled in channels where needed to 
maintain the proper depth at low flows. 

Dr. Edwards:—You are quite right; 
my comments apply to hand samples. 
The difficulty was really one of a man 
holding a pole to get a sample in a 
bottle out of a bay where the velocity 
and the turbulence were so great that 
he really couldn’t handle it. But for 
mechanical sampling I think turbulence 
would not be a disadvantage. 

Mr. Robertson:—I have found, by 
trying at various points, that just 
where the clarifier channel discharges 
into the effluent pipe is an ideal point 
to secure a sample. 

Clarence E. Keefer, Deputy Sewer- 
age Engineer, Bureau of Sewers, Balti- 
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more, Md.:—What do you use to pre- 
vent the formation of fungus and other 
growths in the pipe of your sampling 
machine? 

Mr. Robertson:—We take two sam- 
ples a week, on Tuesday and Thursday. 
Every week the tubing is cleaned with 
a wire brush such as is used for clean- 
ing a .22-cal. rifle barrel. The %%-in. 
brass pipe is then washed out thor- 
oughly. At first it was thought that 
there would be trouble with clogging 
of the machine by raw sewage, but so 
far this problem has been negligible. 

John W. Johnson, General Manager, 
Buffalo (N. Y.) Sewer Authority :— 
The gentlemen from Los Angeles asked 
a question about sampling of sludge 
cake and fertilizer. I might offer him 
a suggestion as to what we do at 
Buffalo. As the sludge cake is de- 
veloped, the operator, on a definite 
schedule depending on the rate of op- 
eration, hand picks a small sample, 
which is placed in an airtight 1-gal. jar. 
The jars are collected every 24 hr. for 
sample analysis. 

On the question of dried sludge and 
sludge fertilizer, analysis requires a 
0.25-lb. sample per shift. The tare 
weight of the jars is noted in the lab- 
oratory when they are sent out. 

James W. McAmis, Superintendent, 
Water Commission, Greenville, Tenn.: 
—wWe have a peculiar problem in that 
we make a charge for sewer use and 
we have an industrial plant that fur- 
nishes from 30 to 60 per cent of the 
total B.O.D. load. We have to deter- 
mine how much they should pay. There 
is quite a bit of money involved. The 
question now confronting us is how to 
divide the B.O.D. load fairly. 

This only applies to raw sewage sam- 
ples, but because of the large solid par- 
ticles in it, the domestic sewage will 
have a great deal more large solids in 
proportion to the B.O.D. content than 
does the industrial sewage. The com- 
posites contain a good deal of solid 
matter, and it is felt that to break up 
those solids and take out portions for 
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the analysis after they have been 
broken up, would be discriminating 
against the industrial plant. What por- 
tions should be analyzed out of the 
raw sewage? 

Dr. Edwards:—At Wards Island we 
used a homogenizer (Waring blender) 
to break up the solids for sampling and 
for analysis. It appears to have no ad- 
verse effect as far as the determination 
itself is concerned, either of suspended 
solids or of B.O.D., but it does permit 
the taking of equivalent portions— 
equivalent in volume, in solids, and pre- 
sumably in B.O.D.—out of a sample, 
which may be very heterogeneous to 
start with. 

Mr. McAmis:—TIf all those solids are 
broken up won’t the B.O.D. value be 
increased ? 

V. P. Enloe, Superintendent, Sewage 
Treatment Plant, Atlanta, Ga.:—At 
Georgia Institute of Technology, over a 
period of several months, using a 
blender, it was found, in comparing 
raw samples with blended sewage. sam- 
ples, that the blending of the sewage 
reduced the B.O.D. to a certain extent 
instead of increasing it. 

Sidney L. Allison, Superintendent, 
Sewer Department, Corpus Christi, 
Tex.:—I believe the question of solids 
could be left out. After all, the load 
on the plant and the basis of it is the 
B.O.D. A milk plant will contribute a 
terrific B.O.D. As a matter of fact, it 
will jump it up to around 800 p.p.m. 
and it will also drop the pH, which 
will make it difficult. Therefore, the 
basis of charge should be the B.O.D. 
load. 

Earl R. Howard, Assistant Engineer, 
Bureau of Public Works, Hartford 
(Conn.) Metropolitan District :—Is any 
appreciable change made in the quan- 
tity of sample taken on the quarter-of- 
daily-flow basis as against the 24-hr. 
basis? 

Dr. Edwards:—Yes. About a quart 
is obtained on each of these samples, 
whereas, if taken every hour or every 
two hours, we would normally get 


f 

Z 

= 

Fes 

Ne 

: 

2 

LS 

‘ 

4 

| 

: 

{ 

| 

| 

; 

: 

3 


Vol. 23, No. 4 


about four ounces. It is just to get the 
amount of sample needed for analysis. 
Of course, the samples by the reduced 
schedule are already weighted accord- 
ing to flow. 

Mr. Howard:—Mr. Studley asked 
about sampling filter cake. At Hart- 
ford, where we use vacuum filters, we 
have taken about a 6-in. piece of 5-in. 
brass pipe and ground it down to make 
a circular cutting edge on one end. 
The pipe is fitted with an internal 
plunger and with the necessary operat- 
ing handles to make it operate like an 
overgrown cooky cutter. Samples 
taken with this apparatus are kept in 
a covered glass jar. It works very well. 

George W. Martin, Chief Engineer 
and Superintendent, Green Bay ( Wis.) 
Sewerage District:—We are pretty 
proud of a couple of automatic sam- 
plers we have been operating for five 
or six years. Each consists of a wooden 
staff that is driven up and down by 
two small motors, mounted back to 
back. Whenever 15,000 gal. of sewage 
goes through the plant, the flow meter 
makes a contact and energizes one of 
the motors, which drives the staff down 
so that a little cup on the bottom end 
of the staff is filled. At the low end 
of the travel the power is switched to 
the other motor, and the staff is driven 
up. As the cup reaches the top of its 
travel it automatically trips, dropping 
the sample into a jar. 

These samplers have been very 
trouble-free. We think they take a 
very representative sample, because 
they take it at a point of turbulent 
flow. In other words, we take the 
sample at the point where the sewage 
leaves the detritus chamber and flows 
into the clarifier. The effluent of our 
primary treatment plant is sampled at 
the point where the sewage again goes 
over a weir. The samplers do not pick 
up rags and are easy to clean. Each 


operator, as he starts on his shift, has 
to clean up the sampler and keep it 
going. 

Chairman Larson:—Basically, we 
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perhaps are more interested in the mat- 
ter of automatic sampling versus hand 
sampling. That seems to be the im- 
portant thing. 

At Springfield, we take hourly sam- 
ples, but sample procurement is only 
one of the functions of that trip around 
the plant. At the same time the oper- 
ator makes a check on his motors and 
other equipment, so the hourly sam- 
pling schedule serves an additional 
function, and a rather important one. 

Fred H. Burley, Superintendent, 
Sewage Treatment Plant, Detroit, 
Mich.:—What has been the experience 
with sample pumps pumping a sample 
to the laboratory continuously, there 
either to be taken at stated intervals 
or connected to an automatic sampler? 
Also, do sample lines of that kind give 
trouble with formation of gels or other 
fungus growths that interfere with 
proper sampling? 

Kerwin L. Mick, Chief Engineer and 
Superintendent, Minneapolis-St. Paul 
(Minn.) Sanitary District :—A battery 
of automatic samplers in our plant is 
used regularly and very satisfactorily, 
providing they are carefully main- 
tained. They have been checked many 
times against hourly or two-hourly 
grab samples, both on the raw sewage 
and the settled effluent in the primary 
tanks; very satisfactory checks have 
been obtained. 

The lines to the samplers are 2-in. or 
3-in. pipelines varying in length from 
about 15 to 50 ft. The pipelines are 
so valved that we can shut off the flow 
to the samplers and back-flush them 
with high-pressure water once a shift 
to flush out any accumulation or 
growth that might tend to form. Also, 
the sampler parts are cleaned with a 
brush of the test-tube type once a shift. 
Once a week the sampler parts are 
washed with a copper sulfate solution 
to hold down any growths. 

The sampling is checked by means 
of the solids balance. That is, we run 
the regular solids balance and we com- 
pute it on the basis of the laboratory 
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samples, total solids versus suspended 
solids. Those determinations usually 
agree within 2 per cent. Then those 
removals are checked against the actual 
removals in the plant as measured by 
the sludge bucket elevator and the 
filter cake samples and cake scales. 
They usually agree within 5 per cent. 
If not, we start looking for trouble. 

Some trouble was experienced dur- 
ing the last several months. The quan- 
tity of raw sludge solids determined 
by sampling appeared to be too high 
when compared with the bucket ele- 
vator and the cake scales measurements. 
By watching the taking of the raw 
sludge samples, it was found that the 
15-min. schedule of sludge sampling 
during the operation of the sludge 
pumps was being followed at the start 
of the pumping period, but neglected at 
the end of the pumping, when the 
sludge was thinnest. Of course, that 
resulted in the raw sludge sample be- 
ing too strong compared with what was 
actually pumped, as indicated by the 
solids balance. 

The automatic sampler’s principal 
trouble is that it is timed off a meter 
electrically. It takes a competent elec- 
trician to keep them in proper opera- 
tion because they do get out of kilter. 

Ralph A. Hoot, Superintendent, 
Northeast Sewage Treatment Plant, 
Philadelphia, Pa.:—The comments on 
night sampling are interesting. At 
Fort Wayne, Ind., we had a man col- 
lecting samples of whom we were some- 
what dubious. Finally, we hooked up 
an extra time meter to the laboratory 
refrigerator door so we could tell when 
and for how long the door was opened. 
We didn’t know if the man took the 
sample, but at least we could tell if 
he opened the refrigerator door and 
put something in. We soon found out 
that it took 15 sec. to store a sample of 
sewage, but only 7 see. to get one of 
the candy bars kept there. 

We had quite a little fun before the 
operators knew what was going on, and 
we could tell on which shifts samples 
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were not stored. Incidentally, al- 
though the union came back with the 
charge that this was unfair to organ- 
ized labor, one operator actually was 
discharged for failure to open that re- 
frigerator door the proper number of 
times on his shift. 

At the Philadelphia Northeast plant 
we are rehabilitating an old building 
into administration and laboratory fa- 
cilities. The laboratories will be on 
the second floor, where there are win- 
dows so placed that they look right 
down on the battery of tanks. The 
operating chemist on duty is going to 
be where he can watch the men going 
about on the sampling routine. 

Chairman Larson:—Who is going to 
keep the operating chemist awake ? 

The human element in this matter 
of. sampling seems to be the all-im- 
portant one. It all boils down to just 
how seriously you can impress on your 
operators the necessity of proper sam- 
ples. Automatie samplers remove that 
human element, but I do think they 
have some other drawbacks. 


Lubrication of Equipment 


John W. Johnson, General Manager, 
Buffalo (N. Y.) Sewer Authority:— 
For many years, lubrication had re- 
ceived only scant attention, probably 
due to the fact that although solutions 
were possible to most engineering prob- 
lems, there were very few convenient 
formulas that would provide ready an- 
swers in the practice of proper lubri- 
cation. Most of the information ac- 
cumulated on the subject has been ae- 
quired by practical experience with 
trial and error methods. 

Late in the last century the true na- 
ture of the oil film theory was discov- 
ered; we are fortunate that progress 
has been in the right direction. Sup- 
pliers and users of oil are beginning 
to realize that lubrication can no longer 
be left to guess work and that price 
should not be a factor in selection of 
materials. 
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Research by major companies has at 
last removed much of the conjecture 
formerly applied to the subject. Most 
oil firms now have staffs of qualified 
lubricating engineers able to inspect a 
plant and to report intelligently on the 
lubrication conditions of all engines 
and machinery; to point out and esti- 
mate the value of proper improvement 
in regard to savings in power and lu- 
bricants. These men are thoroughly 
trained in the characteristics of their 
various products so they can reecom- 
mend the correct grades for any kind 
of machinery. 

In producing lubricating oils, re- 
finers are less dependent than hereto- 
fore on the nature of the crudes. New 
and improved refining methods have 
eliminated undesirable ingredients. 
Larger varieties of crudes are now 
with greater ease being made into oils 
with noncarbonizing and nonemulsify- 
ing properties. Such new products as 
extreme pressure lubricants and those 
with added anticorrosion inhibitors are 
now obtainable. Lubricants with vis- 
cosities resistant to oxidating heat and 
cold are being formulated with an in- 
ert media mixed with very oily con- 
stituents to give desired body and oili- 
ness. 

Despite these developments by the 
industry, proper lubrication is still de- 
pendent upon the care and techniques 
offered by operating personnel. Stor- 
age of lubricants is an important con- 
sideration, as dirt and grit in oil or 
grease will have damaging effect on 
equipment. Certain metal containers 
have adverse effects on lubricants; for 
instance, zine is active when in contact 
with fatty oils, so galvanized contain- 
ers should not be used for this type. 
Copper or brass are undesirable in 
some oiling systems because of adverse 
chemical reaction. 

The methods of applying lubricants 
should be considered. Hand oiling is 


most inefficient, as there is usually a 
feast or a famine in the supply. Bottle 
oilers are not too reliable, because the 
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variable length of the lubricating 
spindle feeds too much or too little. 
Wick-type lubriecators are reasonably 
satisfactory if the level in the oil cup 
falls slowly. The drop feed cup allows 
a controlled flow through a_ needle 
valve, but the rate is dependent on 
the temperature and viscosity of the 
oil. In the case of waste-packed bear- 
ings, cotton waste is not suitable be- 
eause of the surface glaze developed 
and the lack of elasticity. Wool waste 
or a combination of wool and cotton is 
satisfactory. Other types include ring, 
chain, and roller oiling from a reser- 
voir by circulation, in which ease it is 
safest to use light oil. In some in- 
stanees moving parts are submerged 
in a bath of oil; in others, the splash 
system is used. There are also gravity 
and pressure circulating systems; me- 
chanical foree feeds by pumps; and hy- 
drostatie lubricators, in which the lubri- 
cant is atomized. Where designers 
have failed to provide the proper type 
of application, operators must remedy 
the condition. 

It is well to point out that so-called 
‘*oilless’’ bearings are not actually oil- 
less. Also, they are not able to operate 
indefinitely without replenishment of 
the lubricant. These bearings are made 
from porus material impregnated with 
10 to 20 per cent oil by volume or 
from graphite-impregnated bearing 
metal. 

Experience indicates that the more 
common type of bearing used in sew- 
age plants, and consequently account- 
ing for most failures from faulty lubri- 
cants, is the ball or roller bearing. 
Therefore, the balance of this paper 
is confined mostly to this subject. 

There are several functions of the 
lubricant in respect to operation of 
antifriction bearings. The most im- 
portant of these are that the lubricant 
must : 


1. Have a viscosity high enough to 
permit formation of a load-supporting 
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film between the balls or rollers and 
their containers and races. 

2. Be capable of wetting the entire 
surface and also of acting as a pre- 
ventative against corrosion. 

3. Provide a seal to prevent entrance 
of any solid matter into the housing. 

4. Aid in dissipating additional heat. 


This type of bearing has lower fric- 
tion than the plain bearing and most 
of the trouble which develops is from 
too much lubrication at too frequent 
intervals. If too much oil is used 
there is generated an unnecessary fluid 
frictional heat, which causes an in- 
crease in the bearing temperature with 
a resultant power loss and a possible 
leakage of the lubricant. If too much 
grease is used and the housing is full, 
the churning of grease will raise the 
bearing temperature and break down 
the grease structure, with consequent 
blowing out of grease seals. If the 
housing is tight and lubrication is cor- 
rect, antifriction bearings do not re- 
quire attention oftener than once in 
three months. 

Oil is preferable to grease for anti- 
friction bearings, because it offers less 
resistance to motion and does not con- 
tain thickening agents. It is, however, 
difficult to keep oil bearings tight. If 
oil is used, care must be exercised in 
using the proper viscosity for varying 
operating temperatures. Speed of 
equipment also must be considered. 
Slow speed requires heavy oil; high 
speed, light oil. Bearings in warm lo- 
cations require heavy oil; in cold lo- 
cations, light oil. In extremely high- 
speed operation, it is best to apply 
small quantities of oil, preferably by 
the atomized or mist method. 

The main drawback of using grease 
for lubrication of antifriction bearings 
is due to the materials combined to 
form the greases. Most greases are a 
combination of oil and soap. If sepa- 
ration should occur, the soap is caused 
to cake on the inside of the bearing. 
Sodium soap grease has a clingy fibrous 
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structure with little tendency to sepa- 
rate on heating. It will regain its or- 
iginal structure on cooling; however, 
it will emulsify. Calcium soap greases, 
on the other hand, are buttery and are 
only suitable for use at temperatures 
below 160° F. They are good for only 
low or moderate speeds, but will not 
emulsify. Because of these variable 
properties, greases manufactured from 
both sodium and ealcium soaps have 
provided lubricants with high melting 
points, are nonemulsifying, and are 
suitable for a wide range of conditions. 

Several pertinent suggestions for lu- 
brication of antifriction bearings are: 


1. Fill the reservoir only to a depth 
of one-third; oil only to a sufficient 
depth to submerge the lowest balls or 
rollers. 

2. Add new lubricant infrequently, 
and then only in limited quantities. 

3. Dismantle and clean all parts once 
every year. However, if a bearing is 
subject to high temperature more fre- 
quent cleaning is required. 


The need for conservation of oils and 
ereases cannot be overemphasized, as 
these materials are costly and are de- 
rived from our natural resources. 
Wastes and misuse of these valuable 
aids should be most emphatically elimi- 
nated. For instance, from economy 
and safety viewpoints, excess oil in an 
air compressor is wasteful of oil and 
harmful to equipment. Excess oil will 
enter the coolers and receivers and clog 
the valves. With this film adhering to 
the surface, fires or explosions may re- 
sult from the increasing heat of the 
compressing air. Practice of conserva- 
tion on a national scale is most im- 
portant, particularly in view of the 
enormous quantities of oil used up in 
a war. Numerous gushers have come 
in producing gigantic quantities of 
erude oil, some flowing over 100,000 
bbl. per day, but within a few years 
have gone dry and now produce only 
brackish water. 

In conclusion, some factors which 
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will insure good lubrication of me- 
chanical equipment, if followed, are as 
follows: 


1. Provide lubricants designed for the 
service and purchased from reliable 
firms. The lubricants should be se- 
lected on the basis of the equipment 
manufacturers’ recommendations or as 
the result of a lubrication survey by a 
reliable oil firm. 

2. Provide proper lubricant storage 
and handling facilities, giving particu- 
lar emphasis to containers, danger from 
spills of oils or greases, fire prevention, 
and general good housekeeping. 

3. Provide proper lubricating de- 
Vices, either by the manufacturers and 
designers or through revisions by the 
operating department as necessary. 

4. Provide instructions to operating 
personnel as to various uses of lubri- 
cants, various types of lubricants, and 
methods of application. 


Uhl T. Mann, Superintendent, Ley 
Creek Sewage Treatment Plant, Syra- 
cuse, N. Y.:—Isn’t it rather important 
to provide some method of filtering oil 
in gas engine crankeases to remove 
moisture? Also, there would appear to 
be a very large number of lubricants 
for plug valves. 

Lovell J. Lukrofka, Sanitary Engi- 
neer, Springfield, Mo.:—We have two 
gas engines, and use an oil reclaimer. 
The process is working very satisfac- 
torily and is simple enough for the op- 
erators to be able to do the reclaiming 
job while carrying out their regular 
duties on the shift. During each shift, 
8 gal. of the oil are reciaimed and the 
machine is made ready for continued 
use on the next shift. 

The oil reclaimer has been in opera- 
tion now some seven years; there has 
been little or no mechanical trouble 
with it. Cost analysis has proven that 
you can reclaim the oil and have less 
carbon trouble with gas engines than 
by any other means known to us. 

Frank I. Vilen, Superintendent, 
Sewage Treatment Plant, Kenosha, 
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Wis.:—Is one type of oil used through- 
out the plant and reclaimed, or are 
various types of oils and inhibitors 
used? Also, what do you have left 
when you get through reclaiming? 

Mr. Lukrofka:—The only oil re- 
claimed is that used in the gas engines. 
By a continuous cycle, the oil is 
pumped from the oil reservoir to the 
reclaimer, then returned to the engine 
crankcase. 

W. B. Walraven, Engineer, Spring- 
field Sanitary District :—Re- 
claiming of oils does save a good deal 
of oil. Our engines at Springfield have 
a comparable type of filter on them 
that is operated continuously. The oil 
obviously becomes heavier. At the end 
of a month of operation, if the filters 
are kept clean, we have a more expen- 
sive and better oil than that with which 
we started. In order to cut it down, 
one must put in a lighter grade of oil 
and a sweetening oil. 

Incidentally, one of the major oil 
companies—Texaco—puts out a won- 
derful set of bulletins on the general 
subject of lubrication in plants, which 
anyone may get by asking for it. I 
presume other oil companies supply the 
same type of information. Obviously, 
these bulletins cover fields far wider 
than our own, so that a large part of 
the material is not applicable to sewage 
treatment plants. Nevertheless, sooner 
or later the answers to practically all 
of our lubrication questions can be 
found. 

Mr. Johnson:—Lubrication of a plug 
valve is quite an important considera- 
tion. We went for two years without 
knowing that they had to be lubricated. 
Therefore, when we went to close the 
valves, it was difficult. A company 
representative was called who aided in 
opening the valves without damaging 
them. When he provided us with 
cylinders or sticks of grease to insert 
into the end of the valve, it came as a 
surprise to all. Our operating instruc- 
tions didn’t cover that. However, the 
plug valves have been checked ever 
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since. My experience has been only 
with the cylindrical type, but it really 
does the job. The valves were in use 
in gas lines. 

James H. Blodgett, Superintendent, 
Sewage Treatment Plant, Columbus, 
Ohio:—We had a similar situation. 
We didn’t know that plug valves had 
to be lubricated until we finally had to 
close one. The use of stick lubricant in 
our plug valves has been eliminated by 
putting on ordinary button-type fit- 
tings so a high-pressure grease gun can 
be used. 

Glenn Searls, Superintendent, Sew- 
age Treatment Plant, Rochester, N. Y.: 
—The company that manufactures the 
type of plug valves used in the Roch- 
ester plant makes a study of individual 
conditions and makes recommenda- 
tions as to the lubricant. I have had 
a little experience with that. A lubri- 
cant recommended when the valves 
were bought didn’t work out satis- 
factorily, but among their many types 
of lubricants they found one that did. 
Since making the change we have had 
no trouble. Possibly, consulting the 
company that makes the valves might 
be of some help. 

Stanley T. Barker, State Depart- 
ment of Health, Albany, N. Y.:—One 
great difficulty with grease fittings is 
to know when to stop applying grease. 
I wonder if the modern roller bearing 
or the modern ball bearing has any 
method to tell you when to quit. I 
know that my mechanics pushed grease 
in until it started coming out in every 
direction, which is obviously too much. 
But how do you know when to stop? 

Mr. Johnson:—Of course, that is 
difficult, particularly if the housing is 
closed. For some years we had the 
trouble resulting from bearings being 
too full. A company developed a 
grease fitting with a spring arrange- 
ment that opened a relief slot when a 
predetermined pressure was reached 
within the housing. Thus, upon the 
appearance of clean grease from this 
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slot, the application was immediately 
stopped. 

Fred H. Burley, Superintendent, 
Sewage Treatment Plant, Detroit, 
Mich.:—A routine schedule on which 
one of our operators covers all of the 
plug valves in the plant is very ad- 
vantageous. <A record is kept of that 
greasing schedule. The grease used 
is the manufacturer’s recommended 
grease. The schedule involves not only 
lubricating the plug valve, but also 
opening and closing it to keep it well 
exercised. That is quite important. 

W. W. Mathews, Superintendent, 
Gary (Ind.) Sanitary District :—Mr. 
Johnson’s experience is somewhat simi- 
lar to ours, although we have found that 
if you follow the manufacturer’s ree- 
ommendations as to various greases, 
maintenance troubles will be reduced. 
If a valve is used a great deal as a 
routine operation (such as_ sludge- 


pumping valves and inlet and outlet 
valves) that valve can be used a long 


time before you have any trouble. But 
there are always some valves like the 
sludge-control valves that may not be 
used oftener than once a month. 

Chairman Larson:—The by-pass, for 
instance—you don’t use that very 
often! 

Mr. Mathews:—I am referring to 
sludge lines. Unused valves certainly 
will stick, even when the manu- 
facturer’s directions as to grease are 
followed. I will be frank to admit that 
the only time we service any of those 
valves is when an operator reports that 
one cannot be opened. Then the main- 
tenance man takes it apart, cleans it 
and puts in fresh grease. Grease will 
set hard and I have known the oper- 
ators to put a pipe extension on the 
wrench and still be unable to operate 
the valve. Then cleaning and fresh 
greasing is required. 

Chairman Larson:—Am I to under- 
stand that this is a condemnation, or 
at least a criticism, of plug valves as 
a whole? 
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John J. Wirts, Assistant to Commis- 
sioner, Dept. of Public Utilities, Cleve- 
land, Ohio:—I can answer that ques- 
tion. I think we have all operated a 
hard cider barrel or a wine barrel with 
an ordinary wooden plug. Not too 
much trouble is experienced if it is 
operated enough. We seem, however, 
to have been subjected to a lot of ad- 
vertising on the value of certain lubri- 
cants for certain valves. If a pressure- 
gun fitting is put on a valve so that 
some grease is forced through, it may 
work. But even that is not the whole 
answer, I am sure. 

Paul L. Smith, Operator, Sewage 
Treatment Plant, Baltimore, Md.:—I 
had some experience with plug valves 
on chemical lines. The lubricant 
shipped with the particular valves 
looked almost like a tar. We just 
couldn’t operate those valves at all; in 
trying to force the lubricant in we split 
the bottom out of the valve. A change 
was made to a different type of lubri- 
cant that looked almost like a candle, 
and we still continued to have trouble. 
Later, use of silicon grease proved very 
much better. But the valves, because 
of the acid, became etched and rough 
and still weren’t right. So we changed 
to different valves. 

The other point I want to bring up 
concerns the displacement mechanism 
of the gas meters. Because of the mois- 
ture in the gas, we had emulsion in our 
bearings, which were self-lining double 
ball bearings. Those bearings had to 
be replaced about every three months. 
I had some flushing oil on hand, which 
is really a No. 10 oil with quite a bit 
of detergent in it. So I thought I 
would try that. After using the flush- 
ing oil, more than three years elapsed 
without our having to touch the bear- 
ing at all, as compared with probably 
three months prior to that. 

Occasionally the gas meters would 
stick because of a piece of scale or 
some other foreign substance. The 
clearance, of course, is very small. In- 
stallation of copper tubing running to 
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a reservoir having a visible needle valve 
and sight line allows dropwise addition 
of kerosene to the veins of the meter. 
The kerosene has eliminated practically 
all the sticking trouble. 

V. P. Enloe, Superintendent, Clay- 
ton Sewage Treatment Plant, Atlanta, 
Ga.:—How was the flushing oil used? 

Mr. Smith:—The meter bearings 
have a housing with an oil well that is 
kept full. The oil recommended by the 
manufacturer emulsified and the bear- 
ings froze. Substitution of the flush- 
ing oil eliminated that trouble and 
seemed to keep the bearings in much 
better shape. 

Mr. Enloe:—Our trouble seems to 
stem from too much moisture in the 
gas. For some reason, the moisture 
runs out along the shaft, through the 
bearings, and down into the oil well; 
it soon displaces the oil. The oil wells 
have to be drained about every two 
weeks and new oil put in. I thought 
perhaps you had some way of flooding 
the oil well and forcing the water back 
to keep its accumulation from diluting 
the oil. 

Mr. Smith:—We don’t have that 
much water. Ahead of our gas meter 
there is a large drip pot, which captures 
some of it. But there is enough ear- 
ried over so that we get some conden- 
sate in the meter. 

Chairman Larson:—This matter of 
silicon greases is new. I don’t believe 
Mr. Johnson mentioned the matter in 
his discourse. 

Mr. Johnson:—Perhaps one forgets 
the thing that is most evident. We 
have been using silicon grease for about 
two years. Without exception we use 
it for everything—high-temperature or 
low-temperature locations, even in place 
of oil on cast-iron bearing surfaces. 

Mr. Enloe:—We seem to be neglect- 
ing the bearings that we started talking 
about; also, the breaking of grease seals 
by forcing grease into them. Someone 
asked a question about how that could 
be avoided. I believe the answer was 
having a certain type of pressure relief 
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valve so that too much _ pressure 
couldn’t be put on the bearing. The 
housings of such bearings do have re- 
lief plugs on the far side from the 
points where they are greased. It is 
good practice to take that plug out 
before starting to put in the lubricant. 
We do that, but an industrial oil engi- 
neer has advised us that if those bear- 
ings are properly greased the lubrica- 
tion will last about six months despite 
the amount of use. 

Anyone who has this problem should 
get in touch with an industrial oil engi- 
neer and have him go over the plant 
and advise on how to take care of the 
bearings. We were just breaking 
grease seals all over the plant by fore- 
ing grease into the bearings, despite the 
fact that the relief plugs had been 
taken out of the far side. This was 
because the grease would get hard and 
the plugs would stop up. 

J. M. MacCrea, Manufacturers’ 
Agent, Syracuse, N. Y.:—The motor 
manufacturers have covered part of 
what I have to say. They have pointed 
the way to the proper roller and ball 
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bearing grease lubrication by means of 
these plugs, one on one side of the bear- 
ing housing and one on the other. In 
most cases these are actually plugged 
with 14-in. plugs. The operator should 
take both plugs out and put an Alemite 
fitting in one, thereby allowing him not 
only to flush the grease out, but also 
to properly lubricate the bearing with- 
out too much pressure. 

I would like to see the pump com- 
panies, for instance, put such a relief 
on the other side of the bearing hous- 
ing to allow for flushing out old grease, 
because, as has been pointed out, six 
months is generally ample for regreas- 
ing. 

Thomas C. Thompson, Maintenance 
Engineer, U. 8S. P. H. S., Washington, 
D. C.:—It is one thing to take a plug 
out of the bottom of a pump in normal 
operation; it is another thing to take 
it out when you are working on a sys- 
tem of flash drying, where the dried 
sludge permeating the air is fine enough 
to go through paper. To take a plug 
out under those conditions would se- 
riously reduce the life of the bearing. 
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Odor Control in Effluent 
Used for Lawn Spray 


Effluent water is used for lawn 
sprinkling at the Winnipeg, Canada, 
sewage treatment plant. However, 
complaints of odors from the sprayed 
water presented a problem. Investiga- 
tion revealed that about 15 p.p.m. of 
chlorine was required to remove ob- 
jectionable odors. Consequently, means 
were sought by Superintendent D. L. 
McLean and Chemist O. Petursson for 
chlorinating that portion of the effluent 
so used. 

An economical solution to the prob- 
lem was found in a portable chlorinator 
borrowed from the city Water Depart- 


ment. During the period from June to 
September, 1949, this 50-lb.-per-day 
machine used a total of 192 lb. of chlo- 
rine for 141 hours of spray from 18 
sprinklers at a time. Complaints of 
odors from this source were entirely 
eliminated. 


Plant History 


The Plainfield (N. J.) Joint Meeting 
has recently taken a big step in ac- 
quainting its taxpayers with the de- 
velopments, past and future, of the 
sewer system and treatment plant serv- 
ing its area. In an attractive 36-page 
booklet containing many interesting 
pictures of the plant and the personnel 


: 

be. 
i 

> 
| ‘ 

— 

‘ 
i 

: 

- 

% 
‘ 


Vol. 23, No. 4 


involved, the reader is given the back- 
ground and history of the sewage prob- 
lem in the area, the 1913 agreement 
under which the Joint Meeting was 
formed and now operates, a description 
of the original (1916) facilities and 
subsequent plant growth, and a general 
description of the plant processes and 
operation. Current budget information 
and proposed improvements complete 
the presentation. 

The Joint Meeting officers, and 
Superintendent Andrew Palmer in 
particular, are to be congratulated for 
this fine piece of public relations work 
in the pioneering cooperative effort of 
the three municipalities involved. 


Water Stretching Program 


When the Quaker Oats Company 
faced the problem of providing large 
additional water sources at its Pekin, 
Ill., paperboard mill, the solution was 
found in improved water treatment 
and re-use and by cleaning the mill’s 
wells to increase their capacity. 

Although waste process water had al- 
ready been reduced from 10,000 gal. 
to 7,000 gal. per ton of product, con- 
sultants pointed out that even the lat- 
ter figure could be cut to 3,500 gal. per 
ton by using treated white water on 
the felt showers instead of fresh water. 
This is to be accomplished by a save-all, 
not only to condition water for such 
re-use, but also to furnish a degree of 
effluent treatment satisfactory to state 
regulatory authorities. 

The unusable underflow from the 
sedimentation-type save-all is to be 
used to sluice ashes to a disposal area, 
thus solving the save-all sludge prob- 
lem and saving an additional 18,000 
g.p.d. of fresh water it had been pro- 
posed to use for sluicing the ashes. 

Treatment of the well water with 
chlorine and a toxic additive fed at the 
pump head will do away with biologi- 
cal fouling of the turbine condenser by 
slime forming bacteria, thus eliminat- 
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ing the necessity for daily blowing of 
the condenser with scarce fresh water. 


Drum and Barrel Covers 


The latest in gadgets for keeping 
things tidy are neoprene-impregnated 
paper covers to fit standard 55-gal. 
drums. Made by the Chase Bag Co., 
Chicago, Ill., the single-ply covers are 
2 ft. in diameter and have a 4-in. skirt 
hemmed with an elastic band around 
the bottom. When slipped over the 
drum, the elastic holds the cover in 
place, keeping the contents dry and 
clean. 

Might be worth thinking about for 
fly, odor, and moisture control on skim- 
mings, grit, and grease containers and 
on other storage drums. 


Smog Elimination 


Meteorological observations in ‘con- 
nection with air pollution abatement 
operations at the Hanford, Wash., 
works of the Atomic Energy Commis- 
sion may provide the answers to 
‘‘smog’’ conditions. Indications are, 
according to M. L. Barad, meteorolo- 
gist for the General Electric Company, 
operators of the plant, that tempera- 
ture conditions within the first 300 or 
400 ft. of air cause fogs, keep stack 
gases from dispersing, and result in 
smog conditions. 

The suggested remedy is to make all 
factory stacks emitting waste gases at 
least 300 ft. in height, and preferably 
taller, thus discharging the gases at a 
level where air temperature conditions 
will cause them to rise rather than 
settle. 


Operators vs. Machines 


The dramatic development of ‘‘elec- 
tronic brains’? during the past few 
years is such as to excite the imagina- 
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tion of even the most unmathematical 
of minds. From the first crude ‘‘me- 
chanical brain,’’ a sprawling 30-ton 
giant that occupied a large-sized room, 
engineers and scientists by selective 
‘*breeding’’ have been able to refine 
the strain and produce the compact 
and streamlined mathematical miracle 
workers of today. Present models, in 
addition to being able to solve almost 
any conceivable problem from the 
simplest business arithmetic to the 
most complex in the realms of higher 
science, also have ‘‘memories’’ and sort 
and record the information processed 
through their ‘‘brains.’’ 

What next? When reading about 
these all-but-human machines, one’s 
thoughts are apt to wander slightly 
into the mental area—reserved for man 
and jealously guarded from machines— 
known as day-dreaming. Is it possible 
that engineers may someday build 
treatment plants run entirely by me- 
chanical and electronic ‘‘slaves’’? Of 
course it is. Even now the average op- 
erator has at his command literally 
hundreds of ‘‘slaves’’ in the form of 
automatic controls, safety devices, ete. 

Despite all the fancy equipment 
and controls born of designers’ in- 
genuity, however, there is no indication 
that they have been or will be able to 
supplant with robot minds that ex- 
perience and judgment brought to 
bear on the problems of operation by 
competent, trained operators. No ma- 
chine yet foreseeable will be able to de- 
termine when to draw sludge, increase 
the chlorine dosage, paint the primary 
tank railings, or clean the No. 4 sludge 
bed, much less to detect the multitude 
of maintenance and repair jobs. 


Must Be Real Emergency 


The Washington State Pollution 
Control Commission, noting in its 
‘*Progress Report No. 26’’ that ‘‘. .. 
it has become too much of a general 
practice to by-pass sewage treatment 
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plants for numerous reasons which can- 
not always be classified as emergen- 
cies,’’ has adopted the following regu- 
lation to control the practice: 


‘‘Emergency Notification. When- 
ever it becomes necessary to by-pass a 
sewage treatment plant or any major 
unit thereof, the owner shall immedi- 
ately notify the State Department of 
Health or the State Pollution Control 
Commission by telephone or tele- 
gram.’’ 


Most state regulatory bodies pres- 
ently require such notification. How- 
ever, whether required or not, it is 
always good practice to keep the proper 
state authorities informed of any un- 
usual conditions necessitating by-pass- 
ing of your plant. 

Then too—think of your conscience! 


For Meritorious Service 


An award for meritorious service in 
the field of sewage works operation was 
presented to Carl B. Carpenter, super- 
intendent, Hammond (Ind.) Sanitary 
District, at the Annual Meeting, In- 
diana Sewage Works Association, De- 
cember 8, 1950. In selecting Mr. Car- 
penter the committee said: 


‘*The recipient of the award has for 
many years combined his talents as an 
engineer and administrator to make an 
enviable record in the field of sewage 
works operation. Mr. Carpenter has 
not only maintained an outstanding 
reputation for his success in sewage 
works operation but has also been a 
leader in the affairs of the Indiana 
Sewage Works Association and the 
Federation of Sewage Works Associa- 
tions. Mr. Carpenter has been presi- 
dent of both the Indiana Sewage Works 
Association and the Central States Sew- 
age Works Association.’’ 


We congratulate Mr. Carpenter on 
a job so well done as to warrant this 
signal recognition by his colleagues! 
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THE LAST WORD 
IN SEWAGE TREATMENT 
AT CHARLOTTE, N.C. 


At Charlotte, N. C., both the Irwin Creek 
plant and Sugar "Creek plant, built in 1903, 
of and contact fil- 
ters, were modernized in 1928, by conver- 
sion to activated sludge plants. In 1950 the 
Irwin Creek plant underwent a second stage 

WITH 
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ing P.F.T. Floating Covers, (1) Ges Sefety 


Equipment, (2) Cover Position Indicators, 
Supernatant Selectors, and (3) Sight Glass 
Control Gauges and (4) Digester Heaters 
and Heat Exchangers. Activated sludge por- 
tion of this plant was extended and rede- 
signed to incorporate the P.F.T. Kraus Pro- 
& cess. Plans are underway to enlarge 


the Sugar Creek plant. projects are 
under direction of J. N. — Con 


the last word a Engineers, Charlotte, N. 
in sewage treatment . 
equipment 


4241 RAVENSWOOD AVE. CHICAGO 13, ILLINOIS 
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Proceedings of Member Associations 


NORTH CAROLINA SEWAGE 
AND INDUSTRIAL WASTES 
ASSOCIATION 

The 22nd Annual Meeting of the 
North Carolina Sewage and Industrial 
Wastes Association was held at the 
Washington Duke Hotel, Durham, 
N. C., November 13-15, 1950. The 
meeting was held jointly with the 30th 
Annual Conference of the North Caro- 
lina Section, AWWA. Total regis- 
tration for both associations was 222, 
of which 46 were Sewage Works As- 
sociation members, representing 51 per 
cent of the total membership of the 
Association. 

The meeting opened on November 
13 with a welcoming address by city 
officials. 

About one-half of the technical pa- 
pers were devoted to waterworks topics, 
the others being on topics of interest 
to the sewage works men. These topics 
were: 


‘“‘The Present Crisis in Municipal 
Finance,’’ by George Franklin, general 
council, North Carolina League of 
Municipalities. 

‘“Need of Civil Defense in the Pres- 
ent Emergency,’’ by E. Z. Jones, di- 
rector, North Carolina Council of Civil 
Defense. 

**Current Developments in Stream 
Sanitation Programs,’’ by J. M. Jar- 
rett, director, Sanitary Engineering 
Division, North Carolina State Board 
of Health. 

‘*Public Relations,’’ by M. T. Dun- 
lap, personnel director, Carolina Power 
and Light Company. 

Tuesday afternoon was devoted to a 
sewage works discussion panel, which 
aroused considerable discussion from 
the floor and was considered quite in- 
formative. Professor Emil T. Chanlett, 
School of Public Health, University of 


North Carolina, served as leader and 
was assisted by R. S. Phillips, S. E. 
Harris, Wade G. Brown, and F. R. 
Blaisdell. Subjects such as ‘‘ Regulat- 
ing use of Sanitary Sewers,’’ ‘‘Sewer 
Service Connection Policies,’’ ‘‘Labora- 
tory Control of Sewage Treatment,”’ 
and ‘‘Need for Qualified Plant Opera- 
tors’’ were discussed during the ses- 
sion, which lasted all afternoon. 


The concluding session on Wednes- 
day morning was made up of papers on 
sewage and industrial waste subjects, 
as follows: 

‘Rendering Plant Waste Studies,’’ 
by Professor Marvin Granstrom, School 
of Public Health, University of North 
Carolina. 


**Selection of: Sewage Treatment 
Process,’’ by Ralph E. Fuhrman, presi- 
dent, FSIWA. 


‘‘Industrial Waste Studies,’’ by 
John C. Grey, senior sanitary engineer, 
North Carolina State Board of Health. 


The Annual Business Meeting was 
held on November 14. The most im- 
portant item of business was the action 
taken by the Association in changing 
its name to the North Carolina Sewage 
and Industrial Wastes Association. 


At the banquet on November 14, an 
excellent address was delivered by Dr. 
Paul Gross, vice-president of Duke Uni- 
versity, on the subject ‘‘The Develop- 
ment of Atomic Energy and its Use 
for Civilian Needs.’’ 

Officers elected for 1950-51 were: 
Chairman: W. W. Adkins, Asheboro. 
Vice-Chairman: H. F. Davis, Charlotte. 
Secretary-Treasurer: E. C. Hubbard, 

Raleigh. 

E. C. 
Secretary-Treasurer 
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Richmond’s State Capitol, completed in 1792, as it looked 100 years ago 


Richmona, Virginia, has a cast iron water 
main in service that was installed well over a 
century ago. In those stage-coach days, 
traffic shock caused by heavy trucks and 
buses was, of course, undreamed of. There 
were no sewers and other underground 
conduits to cause soil disturbances and settle- 
ment. Yet this rugged old pipe had what it 
takes in shock-strength and beam-strength to 
meet unforeseen stresses. Strength, as well 
as effective resistance to corrosion, are 
prerequisites of long life in pipe to be laid 
under city streets. This is evidenced by the 
fact that cast iron water and gas mains, laid 
over a century ago, are still serving in the 
streets of more than 30 cities in the 

United States and Canada. United States 
Pipe and Foundry Company, General 
Offices, Burlington, New Jersey. Plants 
and Sales Offices Throughout the U.S.A. 


cast iron 
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Another Worthington Development For 
Time- and Labor-Saving Sewage Treatment 


THE ONLY COMMINUTOR 
WITH ALL THESE ) 
ADVANTAGES... 


@ Easy installation in straight-flow rectangu- 
lar sewage channels, new or old. 

@ Cutter racks quickly removable for sharpen- 
ing or repl t, eliminating tedious in- 
dividual cutter sharpening and adjusting. 

@ Provision for a mercury seal, for automatic 

tecti internal parts at unusually 
deep submergences. (Grease seal furnished 
as standard equipment.) 

@ Provision for overflow screen or baffle by 
means of a supporting flange. 


pr of 


The 15C5 Worthington i orrang t for 
continuous, automatic sewage solids cutting. This unit is 
designed for a .3 to 2.3 mgd flow range in a channel 
of 3 feet maximum depth. Standard grease seal sup- 
plied is suitable for water depths up to 22 inches. => 


15L5M arrangements 
with removable over- 
flow screen (A) and 
overflow baffle (B). 
For wet pit installa- 
tions, 15V5 (grease 
seal) or 15V5M (mer- 
cury seal) orrange- 
ments’ have motor 
mounted on a floor 
above the commi- 
nutor, and connected 
by intermediate ver- 
tical shafting, open or 
enclosed. 


In many installations infiltration subjects 
comminutors to peak flows and submer- 
gences beyond their maximum capacities. 
Only Worthington comminutors can be sup- 
plied with both a mercury seal and an over- 
flow screen or baffle to handle this problem. 

The mercury seal automatically protects 
the unit's internal parts up to a reasonable 
submergence. The gear head motor is 
mounted on a motor base extension pipe 
above high water level; channel depth may 
be over 3 feet. The removable overflow 
screen provides screening at the commi- 
nutor’s overflow without causing trouble- 
some upstream conditions, and occasional 
accumulations may be raked down into the 
unit. Or, an overflow baffle may be used to 


back the sewage up through the by-pass 
screen, preventing overflow. 
MANY OTHER ADVANTAGES 

of the Worthington comminutor combine 
for rapid, continuous, automatic comminu- 
tion — and for the long, trouble-free service 
life that proves there's more worth in Worthing- 
ton. Write for bulletin W-2010-B3, and for 
drawings of arrangements best suited to your 
own application. Or contact our nearest 
District Office. Worthington Pump and Ma- 
chinery Corporation, Harrison, N. J. 


WORTHINGTON 
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is ready 

to meet 

your every 
requirement... 


1OWA Motor Oper- 
ated Gate Valve... 
Sewage plant influent 


IOWA’S complete 

line of gate valves, check 

valves, flap valves, shear gates, mud 
valves and sluice gates is specially designed 
for severe and particular operating 


conditions in sewage disposal 


plants, sewage pumping stations or 

1OWA Manvolly Oper- 
ated Slvice Gate... 
Settling bosin drain is required. Let us help you solve 


your problems. Specify IOWA products 
and get the best. 


IOWA vaiv: COMPANY 


201-299 N.Talman Ave., Chicago 80, Ill. * 4 Subsidiary of James B. Clow & Sons 


wherever sewage flow control 
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SNOW GATES 


for 
SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular openings in sizes up to 
and including 72 inches. 


ALL SNOW GATES and Lifts are “Parker- 
ized’’ for protection against rust and corrosion. 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW IRRIGATION SUPPLY CO. 


2437 East 24th Street Los Angeles 54, Calif. 


PROOF 
OF 


Ane You Interesied 
“STERELATOR EFFICIENCY” 


Sewage and Industrial 
Waste Treatment? 


If so, affiliate with 


THE FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 


DEPEN DABLE—SAFE—EFFICIENT 
Easy to operate at LOW MAINTENANCE COST. 
Everson SterElators METER-MIX-FEED e 
¢ gas accurately for all Water 
Sterilizing demands. 


: 
i 


or Sewage 
vei for Manual or Automatic operation. For P articulars, Write 
utilize a high Vacuum. 


The oiane FLO W METERS have a 10 to | ratio FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
Sigrplators ASSOCIATIONS 
325 ILLINOIS BUILDING 
EVERSON MANUFACTURING CORPORATION 
207 West Huron Street, Chicago 10, illinois CHAMPAIGN, ILL. 
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for 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 


IRRIGATION WATER 
Ask For Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD + CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES + DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS + AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 


— 

1. Retains accuracy 

3. Easy *° install 
4. Easy *° Maintain 
5. pajustable capacity 
6. Indicates: Records: integrates 

7. Toralizes multiple Flows 

g. simple Chemico! Feed Control 
g. Rate of Flow and Ratio Control ca 
2 A ° 
e low Cost M 
eter 
Met ers 

4 


SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 157a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Censulting Engineers 
WATER, AND 

TE PROBLEM 
AIRFIELDS. REFUSE TORS 
INDUSTRIAL ING 
CITY PLANNING ALUATIONS 
REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 
Charlies B. Burdick Louis R. Howson 
Donald H. Maxwell 
Water Works, Water 
Flood Relief, Sewerage, 
Disposal, Drainage, Appraisals, 
Power Generation 


Civic Opera Building Chicago 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and eam 
Municipal Engineere— Airport 
Systema— Water Works Design a 
and Mape—City Planning—Highway —Construc- 
tion Surseye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 
Water Supplies Water Treatment 
Sewer Systems Sewage Treatment 


Industrial Waste Treatment 
Investigations 


P. 0. Box 67 Crystal Lake, Illinois 


W. H. & L. D. BETZ 
Consulting Engineers 


Indurtrial Waste 
Industrial Water 
Design 
Operation 
Philadelphia 24, Pa. 


Analysis 
Investigations 


Gillingham & Worth Sts. 


CLINTON L. BOGERT ASSOCIATES 
Consalting Engineers 

L. Bocert Ivan L. Bocert 

J. M. M. Greie Rosert A. LINCOLN 

DonaLp M. DITMaRS P. ACKERMAN 
Water and Sewage Works 

Refuse Disposai Industrial Wastes 

Drainage Flood Control 


624 Madison Ave, New York 22, N. Y¥. 


BLACK 


SEWAGE - WATER 


4706 Broadway 


& 


Consulting Engineers 
ELECTRICITY - 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


VEATCH 


INDUSTRY 


Kansas City 2, Missouri 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage—Sewage Treatment 
Water Supply—Purification 
Refuse Disposal— Analyses 

Municipal —Industrial Projects 

Valuations—Reports— 1gDs 


110 William Street 


New York 7, N. Y. 


CONSULTING ENGINEERS 


Will your prospective clients find you 
listed here among these wastes dis- 


posal specialists? If you offer con- 
sulting services for sewage and indus- 
trial waste disposal problems, send in 
your card now. 


Take advantage of the services of 


these outstanding consultants! 
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FRANCIS L. BROWN 
Consulting Engineer 


Water Supply Airports 
Sewer Systems Highways 


Sewage Disposal Plants  IndustrialBuildings 


Industrial Wastes Problems Railroads 
46 Cedar Street, New York 5, N. Y¥. 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 
Valuations and Reports 
Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 


BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 


Water supply. treatment and distribution 
Sewage and industrial wastes disposal 
Investigations, reports. appraisals, rates 


Airports Municipal Engineering Supervision 


584 E. Broad Street Columbus 15, Ohio 


BURNS & McDONNELL 
Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 E. %h St. 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 
Investigations and 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon 8t. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification, Sewerage 
Systems, Sewage and Industria! Waste 
Treatment, Power Development and Ap- 
plications, Investigations and Reports, 
Valuations and Rates. 


210 E. Park Way at Sandusky, 
Pittsburgh 12, Pa. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 
Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 

351 East Ohio St. Chicago 11, Ill. 


OSCAR CORSON 
Consulting Engineer 
Sewage and Industrial Waste Problems 


Drainage—Water Supply—Airfields 
Plans—Supervision—Surveys 


902 Highland Avenue Ambler, Pa. 


Damon & Foster 
Consulting Civil Engineers and 
Surveyors 
Sewera Sewage Di 1, Water Supply, 
Land Subdivision, City and 
Planning, Reports, Design, Supervision 
Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 


Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Hydraulic Works, Gas Plante 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


It pays to secure competent and experienced engineering advice! 
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DE LEUW, CATHER & COMPANY 
Water Supply Scene ECKENFELDER ASSOCIATES, INC. 
Railroads Highways Sanitary Chemists 
Grade 

1 Transportation Sewage and Industrial Waste Surveys, Process 
Research and Development, Water Analysis, 
Investigations — Reports — Appraisals Stream Pollution Investigations, Laboratory 
Plans and Supervision of Construction Analyses and Reports 
150 North Wacker Drive Chicago 6 : 
505 Colorado Bidg. Washington 5 45 N. Broad Street Ridgewood, N. J. 


CATHODIC PROTECTION ONLY $60 PER YEAR 

is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 


Electro Rust-Proofing Corp. (N.J.) sewage works field and will afford 


Belleville 9, New Jersey maximum prestige! 


Engineering—Surveys—Design— 
Installations 


FAY, SPOFFORD & THORNDIKE 
CHARLES M. W. Horne FREESE, NICHOLS AND TURNER 


JOHN AYER WILLIAM L. HYLAND 

Bion A. BOWMAN Frank L. LINCOLN Consulting Engineers 

CARROLL A. FARWELL Howargp J. WILLIAMS 
Water Supply and Distribution —Drainage 2111 National Standard Building 
Sewerage and Sewage Treatment—Airports Houston 2, Texas 
Investigations and Reports Design 
Supervision of Construction Valuations CH-1624 
Boston New York 


EDWARD A. FULTON GANNETT FLEMING CORDDRY 


& CARPENTER, INC. 
Consulting Engineers ENGINEERS 


Investigations, Reports, Valuations, De- Water Works—Sewage 

sign and Construction—Water Supply and Industrial Waste & Garbage Disposal 
Purification Plants; Sewerage and Sew- Roads—Airports—Bridges & 
age Treatment Works; Municipal Pavin Flood Control 

and Power Developments; ams an Town Planning Appraisals 
Flood Control Investigations & Reports 


Harrisburg, Pa. New York, N. Y. 
3209 Brown Read Saint Louis 14, Misseari Scranton, Pa. Pittsburgh, Pa. 


GILBERT ASSOCIATES, INC. 
Engineers and Consultants GLACE AND GLACE 
Water Supply and Purification Consulting Sanitary Engineers 


. Sewerage and Sewage Treatment 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service Industrial Wastes Disposal 
Investigations and Reports Design, Construction, and Supervision 
New York Washingto of Operation 
ashington 
Houston BEADING, PA. phiisdeiphia 1001 N. Front Street Harrisburg, Pa. 


WILLIAM A. GOFF, INC. GRAHAM, CROWLEY & 
General Engineering and Consulting Services ASSOCIATES, INC. 


Water, Sewerage, Refuse Incineration Consultants to Electroplating Industry 
Industrial Buildings, Power Plants Sanitary and Construction Engineers 
Airports, Town Planning Electroplating and Metal Finishing 
Plans, Supervision, Valuations, Reports Waste Treatment 
504 Keystone State Bidg., 341 E. Ohio Chicago 11, Ill. 
Philadelphia 3, Pa. 475 York Rd., Jenkintown, Pa. 


Take advantage of the services of these outstanding consultants! 
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GREELEY & HANSEN 


Engineers 


Water Supply Water Purification 
we , Sewage Treatment 
Flood Control. Refuse 


220 8. State Street, Chicago 4 


HAVENS AND EMERSON 
Consulting Engineers 
W. L. Havens C. A. Emerson 
A. A. Burger F.C. Tolles F. W. Jones 
Water, Sewage, Garbage, Industrial 
Wastes, Valuations.—Laboratories 
Leader Bidg. Woolworth Bidg. 
Cleveland 14 New York 7 


"HAYDEN, HARDING & BUCHANAN 


Consulting Engineers 


810 Park Square Building, Boston, Mass. 


HAYDOCK 


led. gE, 


Water Works and Sanitation 
Industrial Wastes 
Design, Construction, Operation and 
Management 
Reports and Valuations 


2314 Girard Trust Co. Bidg., Phila. 2, Pa. 


C.W. Durham H.H.Henningson W. A. Richardson 


HENNINGSON ENGINEERING CO. 


Consulting Paleo. 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Control, Appraisals, 


Standard Oil Bidg. Omaha 2, Nebraska 


HITCHCOCK & ESTABROOK, INC. 
Lester D. Leg, Associate 
Consultants to Municipalities since 1920 
WATER, SEWERAGE, PAVING, POWER 
PLANTS, AIRPORTS, PUBLIC BUILDINGS, 
SURVEYS and APPRAISALS 


241 Sheridan Road 300 Lincoln Building 
inee, Michigan Minneapolis 1, Minnesota 


CONSULTING ENGINEERS 


If you specialize in sewage and industrial waste treatment works, 
your professional card should be here! 


The rate of $60 per year provides for 12 monthly insertions. 


HORNER & SHIFRIN 


Consulting Engineers 
W. W. E. B. Bross 
H. SHIFRIN C. Liscaes 
one and Sewage Treatment — 
Water Supply — Municipal Engineering 
— Reports 


Shell Building, St. Louls 8, Missouri 


JONES, HENRY & SCHOONMAKER 
(Formerly Jones & Henry) 


Consulting Sanitary Engineers 
Water Works 


Sewerage & Treatment 
Waste Disposal 


Security Bidg. Toledo 4, Ohio 


KEIS & HOLROYD 
Consulting Engineers 
Formerly Solomon & Keis 

Since 1906 


ly and Purification, ~~ and 
"Garbage and Refuse 
and Incineration, Industrial 
Buildings. 


TROY, N. Y¥. FT. LAUDERDALE, FLA 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 


offers 
COMPLETE ENGINEERING 
Investigations, Reports, 
Supervision of 
Operation 
Sewerage, Sewage Treatment and 
Industrial aste Dis 1 
Chemical and Biological Laboratory 


604 MISSION &T., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 


Samuel A. Greeley Paul Hansen (1930-1944) mae 
Paul E. Kenneth V. 

Thomas M. Niles Samuel M. Clarke 
“4. 

sal 

vs, 

Joun L. Haypgn H. Hazpmo 
Oscar J. Campa 
Water Works—Sewerage 
Civil—Mechanical 
Electrical—Structural 
ip. 
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MORRIS KNOWLES, Inc. 
Engineers 
Water Supply and Purification, Sewer- 


age and Sewage Disposal, Valuations, 
Laboratory, City Planning. 


1812 Park Bidg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 


Consulting Engineers 


Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 


Rochester 4, N. Y. 


10 Gibbs Street 


GEORGE B. MEBUS 
Consulting Engineer 


Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


Your firm should be 
listed here 
. . the most complete Directory 
available of consultants specializing in 


sewage and industrial wastes treat- 
ment. 


METCALF & EDDY 
Engineers 
Drainage, Refuse and 


Water, Sewage, 


Industrial Wastes Problems 


Airfields 


Laboratory Valuations 


Statler Bullding 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

52 Vanderbilt Ave., New York, N. Y. 


Parsons, Brinckerhoff, Hall & Macdonald 


G. Gale Dixon, Associate 


Engineers 
Dams, Water Works, Sewerage 
Airports, Bridges, Tunnels 
Trafic & Transportation Reports, Highways 


Subways, Foundations, Harbor Works, Valuations 
Power Developments Industrial Buildings 


$1 BROADWAY, NEW YORK 6, N. Y. 


BOYD E. PHELPS, INC. 
Architects and Engineers 


Water Supply and Purification 
Sewerage and Sewage Treatment 
Power Plants, Buildings, Investigations, 
Reports, Appraisals, Rate Studies 


Indianapolis and Michigan City, Indiana 


MALCOLM PIRNIE ENGINEERS 
Civil & Sanitary Engineers 
Ernest W. W 


W. Sawyer G. G. Jr. 
Ricuarp Hazen 


Investigations. Reports, Pt 
Supervision of Construction and Gperetions 
Appraisals and Rates 


25 W. 43rd St. New York 18, N. Y. 


LEE T. PURCELL 
C. Iti Engi 


Water & Sewerage & Sew- 

age Dis . Industrial Wastes; Lnvestigations 

& KR ts; Design; Supervision 
nstruction & Operation 


Analytical Laboratories 
1 Lee Place Paterson, 1, N. J. 


THOMAS M. RIDDICK 
Consulting Engineers and Chemists 
Municipal and Industrial Water Purification, 


Sewage Treatment, Plant Supervision, 
Industrial Waste Treatment, 


Laboratories for Ch 1 and Bacteriological 
Analyses 
369 B. 149th Se. New York 55, N.Y. 


RIPPLE AND HOWE 
Consulting Engineers 


O. J. B. V. Hows 
Appraisals— Reports 
Design—Supervision 

Water Works Systems, 

Plants, Reservoirs and a 
Storm Sewers, Sewage VTresiment ts, 


Refuse Disposal, 
426 Cooper Bidg. 


2, Colorade 


Take advantage of the services 


of 


these outstanding consultants! 
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RUSSELL and AXON 
Consulting Engineers 
Geo. 8. Russell 

Joe Williamson, Jr. F. E. Wenger 
Sewerage, Sewage Disposal, Water Sup- 
Rly. ater Purification, Power Plants, 

App praisals, Bate Investigations, Reports, 
Plans, Specifica tions. 

408 Olive St. 


Municipal 
St. Louis 2, Mo. 


Daytona Beach, Fia. 


SMITH and GILLESPIE 
Consulting Engineers 
All types of 
Municipal Public Works & 
Utilities 
Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage— Waterworks 
Drainage—Flood Control 
Electric Power—Airports 


Hershey Building 
Muscatine, la. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
echanical Structural 


Surveys Reports Appraisals 
209 8. High St. Columbus 15, Ohio 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 
441 North 2nd St. Reading, Pa. 


WESTON & SAMPSON 
Consulting Engineers 


Water Supply, Water Purification, 


Corrosion Control 
Sewerage, and 
Wastes Treatmen 
Stream Studies 
Supervision 


14 Beacon Street 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage. Sewage yo Municipal and In- 
I D Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 
Civil—Sanitary—Structural 
Mechanical—Electrical 
Reports, Plans, Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


CONSULTING ENGINEERS! 


If you specialize in sewage and industrial waste disposal problems, pros- 
pective clients will expect to find your card in the Directory of Engineers 
contained in the... 


Official Professional Journal of the Sewage and 
Industrial Wastes Field! 
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Beker, Jr., Inc., Michasl Havens roby Emerson 
Baxter Woodm an 

Black & Veatch Engineering Co. 
Bogert, Cifaton Associates Hitehcock & Estabrook, Inc. 
Sowe, Albertson & Associates”, Border & Shifrin 


Buck, Seifert. ani Jost & Bolroyd 


Burgess & Niple Kennedy, Civde 
Buras @ Knowles, Morris, Inc, 
Camp, Dresser end Losier, Wm. S., Company 
Capitol Zagineuriag George B. 

Cole, Chas. W,, Nossbatmer, Clarke & Veizy, Inc. 
Consoet, Towagend Parepos, Brinckerbol, Hal & 
Corson, Gecar Pheips; fioyd E., tac. 


Damow & Foster Pirait, Makcolm, Engineers 


Dechant, Frederick Purcell, Lee T. 
De Leuw, Cather & Riddick, Thomas M. 
tentelder Associates, Rippie aod Howe 
Electro Ruwst-Frosfing x) Rumell and Axon 


Spotlord & Smith and Gilicspie 
Preese, Nichols and Stanley Engineering Company 


Fulten, Bdward A. Stiison, Alden E., & Associates 
Gannett Fleming Carddey Wena Engineering Company 
Gilbert Associates, 

Glace and Glace 
Goll, A., Inc. 


Whitman, Requerit & Associates 
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Chiorination for sewage ills is trectment, thé fen 
who know best--the sewage plant superintendent will 


For example, Mr. Ralph Hoot, Sewoge Trect- 
ment at Fort Wayne, recently reported; hove been most 
thankful for cur avtomatic chlorine 
dorie its job well.” 


are typical. Chicrination by Wollaes & proven 

by actual use in thousands of all over the country. . 
can help your sewage too, at on Initial thet 
averages only 1% of vofel plont investment, 
cost coupled with the more effective plant operetiqn 
ination makes possible, results in o boy Shes dollerwise soper- 


intendents can’t afford to overlook. 


Find out new about this modern sewage 
Really engineered to your individeo! needs by 
Tiernan. A call to your neorest Wallace 


ative will bring you full details. 
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